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THE   OBSERVATORY, 

A   MONTHLY    REVIEW    OF  ASTRONOMY. 

Ko.2o.  MAY  1.  1879. 

MEETING  OF  THE  EOTAL  ASTEONOMICAL  SOCIETY, 

Wednesday,  1879,  April  9. 

LoB3>  Lindsay,  M.P.,  F.R.S.,  &c.,  Prmdent,  in  the  Chair. 

Secretaries :  Mr.  J.  W.  L.  Glaishbe,  F.E.S.,  and 
Mr.  A.  CowPEB  EAirrAED,  M.A. 

Me.  Glajshee  reported  that  during  the  last  month  65  presents 
had  been  received,  none  of  them  calling  for  special  notice.  Thanks 
were  voted  to  the  donors. 

The  President  announced  to  the  Society  the  death  of  M.  Edmond 
de  Chazal,  of  Mauritius,  a  gentleman  who,  though  not  a  Fellow  of 
the  Society,  had  done  very  much  for  the  science,  who  had  placed 
his  observatory  in  the  hands  of  Her  Majesty's  Government,  and 
whose  interest  in  the  work  was  only  equalled  by  his  kindness  during 
Lord  Lindsay's  illness  when  in  Mauritius. 

Mr.  Banyard  read  a  paper  by  Mr.  Dreyer  on  an  apparently  new 
yariable  star ;  and  also  a  paper  from  M.  Trouvelot,  of  Cambridge 
Observatory,  U.S.,  on  some  interesting  observations  by  M.  Trouvelot 
on  a  volcanic  appearance  in  the  Sun. 

The  President,  It  is  a  curious  subject,  and  one  well  worthy  of 
considerable  attention  to  those  who  work  much  with  the  spectro- 
scope :  at  the  same  time  I  think  it  is  a  great  pity  that  M.  Trouvelot 
never  found  anybody,  when  he  was  observing,  to  come  and  look 
tiirough  his  instrument  at  the  time,  and  to  check  the  results  which 
he  obtained.  It  is  a  matter  of  great  interest,  and  would  have  been 
of  considerably  more  interest  had  that  been  done. 

Mr,  Common  read  a  paper  entitled  "  Notes  on  Large  Telescopes, 
and  Suggestions  for  Mounting  Reflectors."  This  paper,  after  briefly 
alluding  to  the  advantages  and  disadvantages  of  the  two  kinds  of 
telescopes,  the  reflector  and  the  refractor,  advocates,  as  the  best 
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means  to  increase  optical  power,  the  use  of  the  silver-on-glass  reflec- 
tor, and  gives  a  number  of  conditions  that  ought  to  be  fulfilled  so 
as  to  get  the  best  results  from  this  kind  of  telescope  when  made  of 
large  size. 

Captain  Noble.  It  seems  to  me  that  Mr,  Common's  tenth  con- 
dition is  the  one  which  will  be  most  difficult  to  satisfy  in  future ; 
1. «.  as  to  what  is  the  proper  locality  for  those  enormous  telescopes. 
Every  man  who  has  had  practical  experience  knows  that  on  many 
nights  when  stars  are  sharply  defined  in  a  3-inch  telescope,  a  7 -inch 
wUl  convert  them  into  blobs  and  all  sorts  of  things ;  and  the  larger 
the  aperture,  the  more  the  extent  of  that  difficulty  increases. 

The  President,  The  subject  which  Mr.  Common  has  brought 
before  us  is  one  of  extreme  interest.  I  should  like  to  know  what 
aperture  in  a  reflector  he  would  suggest  as  being  equal  to  a  26- 
inch  object-glass. 

Mr,  Comnmi.  I  have  taken  it  in  this  paper  according  to  what 
Dr.  Bobinson  has  said — 35-inch  speculum-metal  equal  to  35-inch 
object-glass — the  speculum  metal  having  a  reflecting-power  of  half 
that  of  silvered  glass.  It  seemed  to  me  that  30  inches  would  be 
the  point  at  which  the  power  would  be  equal. 

The  President,  That  would  lower  the  power  of  the  refractor  to 
what  I  consider  would  be  the  correct  amount.  Mr.  Common  re- 
ferred to  the  difficulty  that  he  has  in  obtaining  glass  of  large  dia- 
meter. I  can  speak  feelingly  on  that  subject,  because  for  my  15- 
inch  telescope  I  had  considerable  difficulty  in  getting  glass.  In 
&ct  I  had  to  return  the  flint  lens  three  times  to  Chuice  before  I 
got  a  sufficiently  good  one  for  my  purpose.  Since  that  time  Mr, 
Grubb  has  taken  it  in  hand  to  make  a  telescope  of  27  inches  aperture 
for  the  Vienna  Observatory ;  and  I  understand  he  has  also  had 
considerable  difficulty  with  his  glass, — so  much  so,  that  the  last 
chance  is  now  being  given  to  the  makers  of  that  glass;  and  if 
they  cannot  succeed  with  it,  he  will  have  to  try  in  another  place. 
There  is  considerable  difficulty  in  getting  a  large  disk  of  glass  com- 
pletely free  from  strisB  in  the  manufacture.  However,  the  produc- 
tion of  glass  for  a  speculum  would  not  be  so  much  affected  by  those 
difficulties  in  making.  Of  course  in  specula  there  is  a  great  neces- 
sity for  having  an  equal  annealing  of  the  glass  when  it  comes  from 
the  cast.  I  believe  Mr.  Common  can  speak  with  true  feeling  on  the 
subject,  as  I  believe  he  has  lost  many  of  his  children,  which  have 
suddenly  burst  after  a  good  deal  of  work  had  been  expended  on 
them. 

Mr.  Common.    Not  his  children,  my  Lord  but  his  specula. 

TJie  President,  I  quite  feel  for  him  as  a  father.  As  to  the  ques- 
tion of  the  reflecting-power  of  speculum-metal  being  0*46  and  of 
silver  0*824,  and  the  danger  of  silver  losing  its  reflective  power  by 
tarnishing,  there  was  published  early  last  year,  in  the  *  Chemical 
News,'  a  method  of  depositing  metals  by  means  of  an  induction* 
spark  in  a  vacuum.    I  communicated  with  Mr.  Crookes  on  the 
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subject  at  the  time.  He  did  not  know  any  thing  about  it ;  but  he 
triea  the  experiment.  He  deposited  some  platinum  and  arsenic  on 
glass  in  a  vacuum,  and  got  a  most  beautiful  film  of  intense  hardness — 
so  much  so,  that  it  was  impossible  to  draw  on  glass  which  had  been 
prepared  in  this  way.  I  believe  the  deposit  of  platinum  on  glass 
has  become  almost  a  commercial  matter,  and  that  they  are  b^;in- 
ning  to  introduce  it  in  the  hardware-shops  to  take  the  place  of 
bright  steel  for  the  sides  of  fireplaces,  in  order  to  save  trouble  to 
housemaids.  I  understand  that  this  also  is  prepared  in  vacuo ;  but 
I  cannot  speak  with  absolute  certainty. 

With  regard  to  the  question  of  supporting  large  disks  of  glass, 
some  little  time  ago  Mr.  Bessemer  brought  forward  a  very  interesting 
paper  in  which  he  suggested  that  the  fiwe  of  the  mirror,  or  the  re- 
verse of  the  mirror,  should  be  ground  to  a  curve,  and  then  be  laid 
upon  a  bed  of  iron  ground  as  nearly  as  possible  to  the  same  curve, 
and  that  this  bed  should  be  channelled  or  have  grooves  cut  in  it. 
Then  he  exhausted  the  air  underneath,  and  so  obtwned  a  solid  foun- 
dation for  his  mirror.  It  was  only  a  suggestion :  I  am  not  sure  as 
to  its  having  been  carried  out. 

As  to  the  question  of  the  size  of  the  reflector,  Mr.  Cbmmon 
mentioned  the  possibility  of  getting  a  larger  flat.  That  which  is 
used  by  Lord  Bosse  with  a  6-foot  telescope  is  about  8  inches  by 
14,  or  S  inches  by  12. 

As  to  the  first  condition  of  no  tube,  it  is  some  little  time  since  I 
have  been  at  Parsonstown ;  but  my  impression  leads  me  to  say  that 
Lord  Bosse  prefers  the  greater  part  of  his  tube  to  be  open,  as  a 
lattice.  I  think  I  am  right  in  saying  that  under  many  circum- 
stances he  found  a  decided  improvement  by  placing  a  sort  of  dark 
cloth  or  a  shield  of  blackened  tin  just  over  the  part  where  the  mirror 
comes.  It  need  not  be  entirely  covered  up  ;  it  would  be  merely  a 
sort  of  lattice-work  with  the  power  of  laying  a  protection  over  tha 
surface  of  the  mirror. 

Equatoreal  motion  of  course  is  the  most  valuable ;  and  I  hope  that 
in  future  no  large  telescope  will  ever  be  mounted  without  having 
that  motion. 

Of  equal  importance  is  Mr.  Common's  fifth  condition,  of  having 
clockwork  and  circles,  and  a  colUmator  for  finding  the  true  collima- 
tion  of  the  mirror. 

As  to  the  question  of  stability  and  the  amount  of  friction,  I  do  not 
exactly  know  what  amiount  of  mercury  will  be  required  for  Mr, 
Common's  plan;  but  it  seems  that  it  would  be  rather  a  large 
bulk  of  mercury  to  carry  a  heavy  telescope,  and  to  relieve  the 
friction  of  such  a  heavy  telescope  as  he  would  suggest  by  his 
paper. 

As  to  the  question  of  resilvering  (condition  8),  I  was  not 
aware  that  silvering  could  be  done  with  advantage  according  to 
the  ordinarily  accepted  methods  except  when  the  face  was  down- 
wards. If  Mr.  Common  can  show  that  it  can  be  done  face  up- 
wards, it  will  be  an  enormous  advantage  to  every  body  who  has 
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to  work  with  large  mirrors,  even  with  flats  not  exceeding  i  foot 
in  diameter. 

As  to  a  convenient  stand,  there  is  nothing  more  difficult  to 
make,  or,  I  may  almost  say,  more  difficult  to  conceive,  than  to 
have  a  thoroughly  convenient  stand  for  working  at  all  alti- 
tudes with  the  Newtonian  telescope.  I  find  that  working  with 
the  lo-foot  or  ii-foot  telescope  the  best  plan  is  to  have  something 
like  steps,  pretty  easily  movable,  and  with  a  sort  of  chair  attached 
to  it,  which  can  be  moved  to  any  height.  As  to  the  locality,  I  will 
leave  that  to  Mr.  Common  for  the  present. 

Mr,  Eanyard.  I  have  seen  Mr.  Common's  i8-in.,  and  was  ex- 
ceedingly pleased  with  the  plan  of  nearly  floating  the  axis  in 
mercury.  It  did  not  hold  as  much  mercury  as  might  at  first 
sight  be  thought.  It  is  not  necessary  to  have  more  than  ^  inch  in 
order  to  get  the  mercury  fairly  roimd  the  hollow  tube.  The 
pressure  can  be  very  dehcately  adjusted ;  the  instrument  certainly 
moved  with  very  great  freedom  indeed. 

Jdr,  Lechy.  Thegreat  difficulty  with  respect  to  glass  specula  is 
in  the  thickness,  xou  may  remember  Dr.  Draper  being  here  some 
years  ago,  and,  speaking  of  his  glass  mirror,  he  said  he  had  a 
2-foot  mirror  which  was  only  2  inches  thick.  I  put  the  question 
very  pointedly  to  him  to  know  whether  it  really  was  the  case,  and 
he  assured  the  Meeting  that  it  was  so.  I  do  not  know  what  his 
mode  of  support  was,  but  I  think  it  must  have  been  very  difficult 
to  support  a  mirror  2  inches  thick  without  flexure.  The  difficulty 
of  getting  a  glass  mirror  any  thing  more  than  4  inches  thick  is  very 
great.  There  is  scarcely  any  possibility  of  annealing  a  glass  mirror 
over  4  or  6  inches  thick.  I  nad  occasion  to  get  some  sunshine- 
balls  from  Chance  some  time  ago,  and  there  was  the  greatest  diffi- 
culty in  getting  a  ball  4  inches  in  diameter.  None  had  been  made 
at  that  time.  There  are  some  of  4  inches  now  coming  from  Chance 
to  the  Meteorological  Society. 

As  to  speculum-metal  there  is  no  difficulty ;  you  can  get  it  of 
any  thickness  you  choose  up  to  20  inches  or  2  feet,  only  give  it 
time  enough.  Mr.  Grubb  has  given,  in  the  '  Philosophical  Trans- 
actions,' a  very  minute  account  of  the  manufacture  of  the  Melbourne 
telescope,  and  shows  the  great  care  taken  in  annealing ;  but  I 
believe  in  glass  it  is  impossible. 

The  President,  Those  glass  balls  are  required  to  act  as  lenses, 
and  therefore  they  must  be  without  strise,  as  well  as  being  without 
strain  inside ;  whereas  there  would  be  no  necessity  whatever  to  have 
no  stri©  in  the  case  of  a  large  mirror  for  a  reflector,  as  the  one  is 
a  catoptrical  instrument,  and  the  other  a  dioptrical. 

Mr,  LecTcy.  I  think  it  is  impossible  to  anneal  glass  of  that 
thickness ;  it  is  almost  certain  to  burst. 

Tlie  President.  In  Paris  they  have  a  4-ft.  reflector,  and  I  think 
they  only  broke  one  glass  mirror  before  they  obtained  two  disks  of 
sufficient  thickness,  something  like  8  inches  thick. 
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Mr,  Banyard,  I  had  an  opportunity  of  seeing  Dr.  Draper's 
28-inch  when  I  was  in  America  last  year,  and  I  must  say  I  was 
very  much  pleased  with  what  I  did  see  of  it.  I  saw  it  on  a  high 
star  and  on  a  low  star,  and  I  did  not  see  very  much  flexure  which 
I  could  detect.  He  has  a  peculiar  method  of  mounting  with 
counterpoises.  Loose  pieces  of  glass  are  cemented  on  to  the  mirror 
behind,  and  little  levers  play  upon  them  in  every  position  in  which 
the  instrument  is  turned,  so  as  to  overcome  the  flexure. 

Mr,  Ltcky,  I  think  he  said  that  the  mirror  was  mounted  on  a 
bed  of  blankets. 

Mr,  Neisan,  Mr.  Common  lays  particular  stress  on  the  difficuliy 
of  getting  the  mirror  resilvered.  I  think  it  is  probable  that  it 
would  not  require  resilvering  oftener  than  about  once  in  every  ten 
years.  I  had  at  Hampst-ead  a  silvered  glass  speculum  which  re- 
tained a  fair  working  polish  for  a  period  of  five  or  six  years,  and 
that  at  a  place  where  there  is  plenty  of  gas  round  about.  The 
difference  in  durability  arises  from  the  method  by  which  the 
mirror  is  silvered.  By  one  method,  if  you  add  too  much  ammonia, 
the  silver  will  get  tarnished  in  a  couple  of  months,  whereas  by  a 
proper  method  you  will  get  a  hard  silver  coating  which  will  bear 
an  enormous  amount  of  rubbing,  and  will  refrain  from  tarnishing 
in  a  most  extraordinary  manner.  It  will  remain  almost  as  bright 
as  new  for  months  at  a  time.  I  have  had  the  9-inch  mirror,  which 
belongs  to  the  Society,  silvered ;  it  was  carefuUy  rubbed  up,  and  it 
was  almost  as  good  when  I  came  to  fetch  it  in  the  early  part  of  the 
year  (that  is,  four  years  after  it  was  silvered)  as  at  the  time  when 
I  had  it  done. 

With  regard  to  the  i*elative  brightness  of  reflectors  and  refractors, 
I  think  the  amount  of  light  given  by  a  reflector  is  very  generally 
under-estimated.  Where  you  have  a  reflector  in  good  polish  and 
in  good  condition,  it  will  come  very  much  closer  to  a  refractor  than 
most  people  fancy.  I  know  that  a  silvered  glass  8 J-inch  reflector 
has  proved  itself  a  fair  rival  for  an  8-inch  refractor,  which  is 
runnmg  it  very  closely  indeed ;  so  that,  instead  of  the  two  telescopes 
giving  the  same  amount  of  light  when  they  were  30  inches  in  dia- 
meter, you  will  probably  find  them  nearly  equal,  if  you  take  them 
as  small  as  20  inches  in  diameter. 

With  regard  to  mounting  a  telescope,  it  is  very  important. 
However  big  you  get  your  object-glass  you  can  only  support  it 
round  the  edge ;  therefore  there  must  be  a  tendency  to  have  it  bend 
in  the  centre.  Some  have  suggested  having  an  hermetically  sealed 
tube,  and  pumping  it  full  of  compressed  air ;  but  anybody  who  has 
tried  it  will  know  how  difficult  it  would  be. 

Mr.  Thomthwaite.  Might  I  ask  what  is  the  best  way  of  silvering  ? 
Mr.  Neison  has  said  Mr.  Browning's  is  not  perfect.  My  own  ex- 
perience is  that  I  cannot  get  a  film  that  will  last  beyond  three 
years.  The  Newtonian  telescopes  now  made  abroad  have  very 
much  smaller  flats  as  prisms  than  in  England.  The  prism  is,  of 
course,  an  inch  or  more  closer  to  the  focus,  and  the  eyepiece  is  a 
compound  microscope. 
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The  President  I  had  omitted,  when  speaking  of  the  reflecting- 
power  of  silver  and  speculum-metal,  that  the  2  to  i  would  only 
actually  apply  when  the  silver  was  chemically  pure.  I  do  not 
know  whether  Mr.  Grubb  has  published  the  method  which  he  is 
going  to  bring  out  for  an  improvement  in  the  reflecting-power  of 
speculum-metal. 

Mr,  Common,  He  hopes  to  get  it  25  per  cent,  brighter.  As  to 
the  observations  of  Lord  Lindsay  on  the  relative  power  of  the 
refractor  and  the  reflector,  it  does  not  matter  if  you  put  the  silver 
and  glass  at  30  inches  or  less.  As  to  the  difficulty  which  Lord 
Lindsay  speaks  of,  of  getting  disks  of  optically  pure  glass  for  his 
15-inch,  and  the  difficulty  which  Grubb  found  in  getting  disks 
for  the  27-inch  refractor  that  he  is  making  for  Vienna,  this  does 
not  apply  to  the  reflector,  because,  as  you  all  know,  the  optical 
purity  IS  of  no  account  in  a  reflector.  We  only  want  homogeneity 
and  the  requisite  thickness.  As  to  the  reflecting-powers  of  spe- 
culum-metal and  silvered  glass,  I  have  taken  them  at  what  Herschel 
g notes  them  at ;  and  making  every  allowance  for  this  25  per  cent, 
icrease  in  the  reflective  power  of  speculum-metal,  and  that  the 
chemical  deposit  of  silver  is  not  so  pure  as  pure  silver,  we  have 
still  a  large  balance  in  favour  of  the  reflector  of  silvered  glass. 
As  to  the  process  of  depositing  platinum  or  any  other  metal  on 
glass,  I  know  nothing  about  it ;  but  with  regard  to  the  supporting 
of  disks,  what  I  should  suggest  would  be  the  same  principle  that  I 
have  found  successful  with  an  18-inch. 

As  to  what  Mr.  Lecky  said  about  the  difficulty  of  annealing  such 
a  thickness  of  glass,  I  do  not  say  that  the  difficulty  cannot  be  got 
over.  I  do  not  see  any  greater  difficulty  in  annealing  glass  than 
in  annealing  speculum-metal.  I  do  not  know  why  the  4-foot 
telescope  in  Paris  has  failed ;  but  there  is  a  disk  now  on  sale  which 
was  in  the  Exhibition,  and  it  is  about  50  inches  in  diameter  and 
8|  inches  thick  ;  and  at  any  rate  that  has  not  blown  to  pieces,  for 
it  is  there  and  it  is  polished.  Mr.  Calver  of  Chelmsford  and  I  were 
cutting  a  hole  through  a  large  disk,  and  when  we  had  cut  through 
about  I  an  inch  it  blew  up.  Since  then  I  have  had  another  disk 
made.  From  the  facility  with  which  silver  can  be  deposited  on 
glass  there  is  no  necessity  for  a  hole  through ;  it  is  only  necessary 
to  filter  the  solutions,  and  pour  them  on  the  glass  mirror  face 
upwards.  My  mirror  was  silvered  in  this  manner  last  year,  and  it 
is  perfectly  good  now.  I  know  that  silver  deposited  is  permanent 
to  an  astonishing  degree.  When  I  first  used  this  iS-inch  telescope 
I  found  every  morning  there  was  water  standing  on  the  speculum 
actually  running  down  in  drops;  towards  mid-day,  to  my  surprise' 
this  water  cleared  off,  and  towards  night  there  was  none  at  all! 
I  made  a  tin  cap  to  fit  closelj  over  the  mirror,  and  since  then  I 
have  never  been  troubled  \idth  a  symptom  of  dew.  As  to  the  relief 
of  friction  by  mercury,  of  course  one  never  gets  the  truth  in  this 
world,  and  of  big  telescopes  especially.  I  do  not  know  whether 
one  half  of  the  astronomical  world  knows  it;  but  there  has  hitherto 
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been  great  difficulty  in  moying  large  telescopes,  and  to  overcome 
that  difficulty  it  struck  me  that  by  the  use  of  means  at  hand  the 
friction  might  be  so  relieyed  that  we  might  place  the  larger  tele- 
scopes on  an  equality  with  the  smaller.  The  idea  occurred  to  me 
some  eight  or  ten  years  ago,  but  I  had  not  an  opportunity  of  putting 
it  into  practice  till  1875 ;  and  since  then  I  hare  proved  that  it  is 
possible  to  mount  a  refractor  or  a  reflector  in  such  a  way,  by  having 
the  polar  axis  large  enough  and  floating  in  mercury,  that  the 
weight  is  taken  off  from  both  the  top  and  l:^ttom  pivots  to  whatever 
amount  you  like,  thus  bringing  the  whole  mass  of  the  moving  part 
under  command,  in  the  case  of  a  mounting  I  am  now  making  to 
the  extent  of  i|  ton.  Every  one  knows  how  easily  a  heavily- 
laden  barge  is  shoved  along  by  one  man,  and  the  beautiful  smooth 
motion  that  is  given  to  it.  Something  very  similar  occurs  with 
this  motion,  when,  instead  of  friction-wheels,  you  use  the  floating- 
power  of  a  fluid  like  mercury.  Mr.  Lecky  spoke  of  a  glass  of  2 
feet  of  2  inches  in  thickness.  This  thickness  happens  to  be  the 
limit  of  the  thickness  of  commercial  glass,  and  that  is  why  manu- 
facturers will  not  willingly  undertake  any  thing  thicker.  As  soon 
as  you  get  to  any  thins  tkicker,  the  amount  of  heat  that  has  to  be 
brought  ta  bear  upon  the  glass  destroys  their  beds,  and  they  object 
to  do  it. 

Mr.  Brett,  Would  Mr.  Common  kindly  tell  us  how  muoh  a  ton 
of  mercury  costs  ? 

Mr,  Common.  I  said  a  ton  and  three  quarters  of  lifting-power. 
In  the  case  in  point  we  have  a  cylinder  6  feet  long  and  about 
ii|  inches  in  diameter  working  in  another  cylinder.  I  allow  a 
thickness  of  something  like  -^  inch  between  the  two.  I  ordered  a 
bottle  of  mercury,  the  cost  or  which  comes  to  something  like  £6  or 
£7,  and  about  two  thirds  of  this  was  used  to  float  the  whole  of  the 
concern,  so  that  that  is  not  really  a  serious  matter.  Of  course  you 
may  extend  your  cylinder  to  any  size.  Mr.  Neison  remarks  that 
he  has  had  silver  on  glass  for  the  last  ten  years ;  the  utmost  limit 
that  I  have  used  a  speculum  without  resUvering  has  been  about 
16  or  t8  months,  and  that  was  through  ignorance  as  much  as  any«> 
thing,  because  I  did  not  know  that  it  could  be  repolished  with  such 
good  effect,  as  I  have  learned  since  that  it  can ;  but  I  have  not  the 
slightest  doubt  that  the  life  of  a  film  of  silver,  properly  deposited 
and  polished  carefully,  extends  to  at  least  three  or  four  years — that 
is  quite  as  long  as  any  speculum-metal  would  last. 

Mr.  Neison.  I  am  not  prepared  to  say  which  is  the  best  method 
of  silvering  a  mirror.  The  one  which  I  found  best  was  by  the  use  of 
formic  acid  or  tartaric  acid.  1  said  I  thought  a  silvered  mirror 
would  last  ten  years ;  but  I  have  never  had  one  myself  for  more 
than  about  five  or  six  years. 

Mr.  Lecky.    The  Silvering  Company  at  Newington  Butts  used 
tartaric  acid  in  silvering,  and  they  found  it  gave  the  best  deposit 
of  film. 
Major  Twpman  communicated  his  observations  of  Brorsen's  comets 
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He  found  that  the  comet,  which  is  about  as  bright  as  a  7-mag. 
star,  was  half  a  degree  south  of  the  place  indicated  by  Bchulze's 
ephemeris. 

Mr,  Flummer,  I  found  it  quite  possible  to  observe  the  comet  on 
three  nights,  one  of  them  the  4th  of  April.  I  found  not  the 
slightest  difficulty  in  fixing  upon  a  very  distmct  point ;  and  I  expect 
that  the  observations,  when  they  are  i>educed,  will  be  very  accurate 
and  satisfactory. 

Mr.  Marlcwich  exhibited  a  diagram  for  the  purpose  of  tabulating 
sun-spots,  to  show  the  increase  and  decrease  in  the  frequency  of 
spots. 

Mr.  Freeman.  It  is  very  useful  to  have  this  mode  of  represen- 
tation of  the  frequency  of  the  spots ;  but  it  seems  to  me  that  the 
question  of  the  area  of  the  spots  is  a  very  important  consideration. 
The  mere  frequency  is  of  very  little  concern  ;  but  the  total  magni- 
tude is  of  very  great  concern  in  estimating  the  amount  of  solar 
photospheric  disturbance;  and  the  question  I  was  going  to  ask 
was,  wnat  actual  practical  method  was  employed  in  ascertainiug, 
with  any  degree  01  approximation,  the  total  area  of  the  group  of 
spots* 

Mr.  Marhwick.  I  did  not  say  that  I  had  laid  down  a  curve 
representing  the  area  of  the  spots.  I  only  said  it  might  be  done 
very  nicely  on  those  lines.  Of  course  it  would  be  a  work  of  enor- 
mous magnitude,  and  I  have  not  attempted  as  yet  to  work  on  the 
area  of  the  sun-spots. 

Mr.  Banyard.  The  advantage  of  Mr.  Markwick's  method  is  that 
in  one  diagram  you  are  able  to  show  three  forms  of  variation, — the 
Arequency  of  spots  occurring  in  a  particular  period,  their  size,  and 
the  way  in  which  they  are  broken  up.  It  may  not  happen  that 
the  greatest  complication  of  groups  happens  at  the  same  time  when 
there  is  the  greatest  sun-spot  area.  In  fact  there  are  three  dif- 
ferent phenomena  to  observe  and  tabulate ;  and  this  method,  if  accu- 
rately carried  out,  would  enable  an  observer  to  show  in  one  diagram 
those  three  forms  of  variation  at  one  view,  I  think  the  area  of 
the  sun-spots  might  be  measured,  aa  I  believe  has  been  attempted, 
by  superposing  small  squares  upon  the  spot,  and  counting  the 
number  of  squares  which  fall  within  the  nucleus  ;  and  besides  the 
area  of  the  nucleus  it  might  also  be  an  advantage  to  tabulate,  and 
to  give,  a  curve  showing  the  penumbral  area,  which  appears  to  be 
different  according  as  the  spots  are  complicated  or  not.  The  more 
complicated  the  spot,  the  larger  the  proportion  of  penumbral  area- 
"Whether  this  area  varies  with  the  number  of  spots  I  do  not  know. 

Mr.  Christie.  Mr.  Banyard's  suggestion  was  long  ago  carried 
out  by  Mr.  De  La  Eue,  and  is,  in  fact,  his  recogniz^  method  of 
measuring  sun-spots.  There  is  no  novelty  whatever  about  it,  the 
umbra  and  penumbra  of  spots  having  been  measured  and  tabulated 
for  many  years. 

The  President,  Mr. Banyard  did  not  offer  that  as  a  suggestion; 
he  merely  said  that  it  would  be  convenient. 
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Mr,  Common  read  a  paper  on  the  desirability  of  photographing 
Safcam  and  Mars  at  the  next  conjunction. 

Mr.  Banyard^  Those  who  have  had  an  opportunity  of  examining 
the  photographs  made  by  Mr.  Common  will  know  the  very  great 
amount  of  sharp  definition  which  they  contain.  I  have  taken  a 
few,  but  have  not  succeeded  in  getting  any  thing  nearly  so  sharp  as 
he  has  done.  It  strikes  me  that  possibly  this  may  have  some  con- 
siderable physical  interest  at  some  future  time,  especially  with  regard 
to  the  planet  Jupiter.  There  seems  to  be  evidence  that  the  colours 
of  the  equatoreal  Belt  of  Jupiter  change.  Whether  in  connexion 
with  the  sun-spots  I  do  not  know ;  but  I  think  there  is  some 
evidence  that  they  do.  Sometimes  the  equatoreal  belt  of  Jupiter 
appears  to  be  lighter  than  at  other  times ;  and  if  photographs  were 
taken  at  different  periods  the  actinic  power  of  the  rays  from  the 
equatoreal  regions  might  be  compared  with  the  rays  from  the  polar 
regions. 

Mr.  Brett,  May  I  ask  Mr.  Common  what  plates  those  were 
which  he  used  for  photographing  Jupiter  and  Saturn  ?  Were  they 
dry  plates  which  were  so  very  quick  ? 

Mr.  Common.    They  were  Mawson  and  Swan's. 

Mr,  Banyard.  The  question  is  whether  they  are  quicker  than 
the  wet  j)lates  for  this  purpose. 

Mr.  Common.     Undoubtedly. 

The  President.  I  think  in  the  transit  of  Mercury  in  May  last 
year  we  found  Mawson  and  Swan's  plates  far  too  quick  for  any 
work  that  we  had  to  do. 

Mr.  Common.  With  regard  to  the  question  of  the  different  acti- 
nic effects,  I  took  several  plates  of  Jupiter  with  a  plain  iodized  col- 
lodion (that  is  to  say,  with  a  collodion  that  was  less  sensitive  to 
the  red  rays  which  form  those  bands),  and  got  a  picture  showing 
two  perfect  bands,  more  particularly  visible  in  the  photograph  than 
with  the  eye ;  whilst  with  dry  plates,  which  are  acKuowledged  to  be 
more  sensitive  to  the  red  rays,  the  bands  were  not  nearly  so  distinct. 
If  astronomers  will  take  photographs  of  Saturn  and  Mars  together, 
with  those  plain  iodized  plates,  and  also  with  plates  which  are  more 
susceptible  to  the  red  rays,  they  will,  by  comparison  with  the  effects 
on  those  plates,  afterwards  be  able  to  detect  where  the  colour  is. 
There  will  certainly  be  some  result  from  it.  I  will  not  say  what. 
I  have  laid  on  the  table  one  plate  of  each  kind,  and  you  will  see  at 
once  the  remarkable  difference  there  is  between  the  two  photo- 
graphs. 

The  President.  Mr.  De  La  Eue,  who  first  introduced  me  to 
astronomical  photography  in  September  1870,  took  at  that  time  a 
series  of  photographs  of  Jupiter  with  iodized  cadmium  collodion. 
Instead  of  the  two  blank  zones,  which  Mr.  Common  describes, 
with  a  segment  on  each  side  and  a  belt  in  the  centre,  there  was 
in  these  photographs  no  central  belt,  but  merely  one  large  blank 
zone  with  a  segment  on  each  side. 

Mr,  Common.    I  think  the  difference  in  colour  may  be  attributed 
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to  changes  in  Jupiter.  I  think  it  would  be  verj  interesting  if 
photographs  were  taken  at  different  times ;  you  would  get  more 
information  about  the  changes  that  are  taking  place  than  bj  eye- 
observations. 

Mr.  Banyard,  Tou  would  want  some  constant  to  compare  it 
with. 

Capt,  Noble.  I  am  not  a  practical  astronomical  photographer, 
but  I  presume  that  the  photographs  are  taken  in  the  primary  focus 
of  the  telescope. 

Mr.  Common.     Yes. 

Capt.  Noble.    But  magnified  by  the  eyepiece. 

Mr.  Common.     No. 

Mr.  Banyard,  I  am  not  aware  that  anybody  has  yet  succeeded 
in  taking  them  with  the  eyepiece.  In  the  photographs  which  I 
saw  of  Saturn  the  different  brightness  in  the  ring  and  in  the  ball 
was  very  beautifully  shown. 

The  President.  In  one  that  I  have  seen  the  ring  is  visible  to  the 
naked  eye. 

The  following  papers  were  announced :  — 

J.  L.  E.  Dreyer.    An  apparently  New  Variable  Star. 

H.  Sadler.  Note  on  his  Paper  published  in  the  January  Number 
of  the  *  Monthly  Notices.' 

A.  Marth.  Ephemeris  for  Physical  Observations  of  Jupiter, 
1879. 

A.  A,  Common.  Notes  on  large  telescopes,  with  suggestions  for 
mounting  reflectors. 

A.  A.  Common.  On  the  desirability  of  photographing  Saturn 
and  Mars  at  the  next  Conjunction. 

A.  A.  Common.  Note  on  Mr.  Sadler's  paper  in  the  January 
Number  of  the  '  Monthly  Notices.' 

Dr.  A.  de  Oasparis.  On  some  Formulffi  for  expressing  the  value 
of  the  Exceutric  Anomaly  Ac.  in  functions  of  the  Mean  Anomaly. 

The  Meeting  adjourned  at  ten  o'clock. 


Schmidt's  Lunar  Map. 

[Continued  from  vol.  ii.  p.  416.] 

While  the  author,  like  Lohrmann  and  Madler,  adopted  a  modified 
style  of  Lehmann's  method  of  delineation,  it  appears  that  the  various 
declivities  of  the  hills  are  not  represented  with  angles  of  inclination 
so  true  as  they  might  be.  To  explain  this  Dr.  Schmidt  says  that  he 
knew  that  in  process  of  time  his  sketched  shadings  would  become 
faded ;  and  as  he  was  determined,  since  1868,  to  have  the  workphoto- 
graphedjit  seemed  necessary  to  have  faint  heighte  and  ridges  in  the 
Mares  much  more  strongly  marked  than  their  real  steepness  required. 
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Hence  the  author  explains  that  this  chart  does  not  give  the  correct 
impression  of  the  individoal  characters  of  the  lunar  mountains 
which,  he  admits,  are  better  represented  by  Madler.  He  could  easily 
have  made  his  drawings  nearer  the  truth  if  he  had  intended  to  have 
the  work  lithographed ;  but  with  photography  it  was  different,  and 
his  object  was  that  every  feature  should  be  sharply  delineated. 

The  correct  representation  of  the  several  forms  of  lunilr  moun- 
tains belongs  to  a  higher  department  of  art,  and  can  have  been 
hitherto  but  in  few  instances  attained.  With  all  his  industry 
Lohrmann  failed  in  this  design,  while  he  made  the  ridges  too 
broad,  and  almost  entirely  misrepresented  the  character  of  the 
crater  walls.  Madler  was  more  fortunate,  and  his  chart  contains 
remarkable  illustrations  of  individual  forms.  In  Schmidt's  chart 
the  shadings  present  a  general  uniformity,  and  the  desire  to  show 
characteristic  differences  was  sacrificed  on  account  of  other  con- 
siderations. Lunar  drawings  require  for  sufficient  exactness  several 
repetitions ;  and  to  spend  the  necessary  time  for  a  close  portraiture 
of  the  various  objects  in  a  map  like  Dr.  Schmidt's  was  obviously 
out  of  the  question. 

With  regard  to  the  colouring  of  the  Moon,  to  show  it  properly 
in  a  topographic  chart  is  impossible;  and  Dr.  Schmidt,  like  his 
predecessors,  confined  himself  to  representing  the  grey  tints  of  the 
flats  and  several  dark  spots.  Light-rays  he  shows  only  in  the 
MareSj  and  light-spots  where  they  appear  within  dark  areas.  By 
photography  alone  we  can  fairly  picture  the  full  Moon,  where  the 
endless  modifications  of  brightness  are  beyond  the  art  oC  the 
draughtsman.  The  mountains  about  the  limb  occupied  Dr. 
Schmidt's  attention  less  than  the  interior  formations ;  and  with 
regard  to  the  former,  his  map  appears  as  defective  as  the  maps  of 
Lohrmann,  and  Beer  and  Miidler,  though  it  is  in  reality  more 
comprehensive.  When  the  selenographical  positions  of  the  limb« 
mountains  are  accurately  known,  they  can  then,  more  properly 
than  at  present,  be  included  in  some  future  general  chart. 

Dr.  Schmidt  adopts  the  positions  of  the  first  and  second  order 
from  Lohrmann,  but  he  has  laid  down  the  intermediate  detail 
altogether  from  his  own  measurements.  He  has  excluded  all 
written  names  from  the  chart,  using  only  letters  and  numerals 
instead ;  but  the  nomenclature,  old  and  new,  is  found  in  the  de- 
scriptive text.  In  this  he  has  omitted  all  mathematical  explana- 
tions and  formulas  such  as  appear  in  the  works  of  Schroter, 
Lohrmann,  and  Madler,  as  he  regards  it  as  essentially  no  other  than 
a  descriptive  volume  and  an  index  to  the  objects  that  he  has 
delineated.  He  explains,  however,  the  methods  of  measuring  lunar 
heights;  and  an  original  expedient  of  his  own,  where,  for  want  of  a 
micrometer,  he  measured  by  time,  appears  especially  ingenious, 
and  was  well  applied  in  tho^e  cases  where  the  shadows  ran  parallel 
with  the  Moon's  motion.  Her  increase  in  K.A.,  which  would 
obviously  affect  the  angle  deduced  from  the  time,  was,  of  course, 
taken  into  account,  and  conveniently  found  in  the  duration  of  her 
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meridian  passage  as  it  appeared  in  the  *  Nautical  Almanac/  The 
heights  ascertained  by  this  method  number  109  in  his  list,  while  he 
records  no  less  than  2894  as  taken  with  the  micrometer;  and  it  may 
be  added  that  for  these  results  no  loss  than  57,000  observations 
were  made  from  1853  to  1858,  which,  of  themselves,  would  be 
sufficient  to  give  a  fair  idea  of  the  untiring  patience  with  which  Dr. 
Schmidt  pursued  his  immense  task. 

There  is  no  sea-level  in  the  Moon  from  which  to  measure  the 
mountain-heights,  and  the  datum-plain  must  be  found  in  the  low 
lands  adjacent.  In  the  method  of  measuring  by  shadows,  the  land 
at  the  end  of  the  shadow  is  taken  as  level  with  the  base  of  the 
mountain.  The  height  is  then  simply  the  difference  between  the 
land  referred  to  and  the  summit.  The  altitude  of  the  Sun  above 
the  horizon  of  the  mountain  is,  of  course,  a  chief  factor  in  the 
question ;  and  though  this  may  be  ascertained  by  calculation,  it  is 
not  found  practically  much  more  advantageous  than  the  method  of 
directly  measuring  the  distance  from  the  terminator.  The  un- 
certainty, however,  of  defining  the  true  terminator  on  a  broken 
surface  like  that  of  the  Moon  must  then  be  regarded  as  presenting 
a  serious  obstacle  in  such  measurements;  and  while  these  seem 
sufficiently  difficult  even  in  the  Mares,  it  is  not  easy  to  see  how 
they  can  give  much  hope  of  a  fair  approximation  in  other  districts 
where  the  serrated  outlines  of  the  grouped  hills  rise  in  all  confusion 
from  the  darkness.  Madler  recommends  those  measurements  to 
be  taken  when  the  distance  of  the  terminator  from  the  mountain 
is  from  10  to  12  times  the  length  of  its  shadow,  as  the  uncertainly 
of  the  terminator  becomes  less  important  according  as  it  recedes 
from  the  object  Penumbral  effects  must  render  the  definition  of 
the  true  shadow  less  certain ;  and  altogethefr  it  would  seem  necessary 
to  leave  a  wide  margin  for  error  in  those  measurements  of  lunar 
mountains.  Indeed  this  view  seems  justified  by  the  various  measures 
of  the  same  objects  over  and  over  again,  surveyed  with  inexhaus- 
tible diligence  by  Dr.  Schmidt.  The  differences  are  startling;  and 
as  examples  may  be  given  the  mountain  Huyghens,  where  one 
measure  gives  double  the  height  of  another,  and  Curtius  (of  which 
Dr.  Schmidt  took  no  less  than  80  measures),  where  the  height  by 
one  measure  over  another  is  more  than  quadrupled.  In  cases  of 
such  extreme  differences,  a  mean  can  scarcely  be  much  relied  on. 

Mountains,  when  precisely  on  the  limb,  can  be  measured  by  their 
addition  to  the  angular  diameter  of  the  Moon  at  the  time  of  obser- 
vation. Whatever  this  diameter  is  calculated  to  be,  the  measure 
will  give  the  height  of  the  mountain  above  it.  It  is  plain  that  a 
position  within  or  on  the  other  side  of  the  limb  must  subtract  from 
the  apparent  height,  and  great  care  on  this  account  is  necessary. 
Some  of  these  mountains  are  of  great  size,  and  may  be  compared  to 
the  loftiest  of  the  Andes,  or  even  the  Himalayas.  Yet  tlieir  heights 
over  the  valleys  are  not  so  considerable  as  the  height  of  the 
mountains  of  the  earth  above  the  depths  of  the  ocean,  though  the 
difference  seems  not  very  great,  as  Schmidt  found  examples,  along 
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the  eastern  limb  and  at  the  south  pole,  where  the  hills  rose  about 
6000  toises,  or  over  38,000  English  feet,  above  the  adjacent  hollows, 
and  Schr5ter  measured  heights  of  4000  toises  and  depressions  of 
3000,  showing  a  difference  of  level  equal  to  near  45,000  English 
feet.  Yet  the  aspect  of  those  limb-mountains  is  not  imposing. 
Only  one  of  them  might  be  compared  in  form  to  Chimbora90, 
while  it  was  far  from  exhibiting  the  steepness  of  Cotopaxi  and  other 
Tolcanos  of  the  earth.  There  are  no  striking  elevations  on  the 
N.E.  or  S.W.  limbs.  On  the  N.W.  there  are  some  visible  at  times 
of  favourable  libration. 

Dr.  Schmidt  gives  a  list  of  light-raysy  including  light-spots  and 
craters  surrounded  with  bright  or  dark  nimbi.  The  bright 
borderings  will  be  found  to  be  formed  of  close  and  delicate  rays, 
or,  at  least,  they  give  rise  to  an  efflux  of  rays  that  widen  as  they 
advance.  The  nimbus  may  be  of  a  dark  shade,  like  those  surrounding 
Tycho,  Aristarchus,  and  Dionysius ;  and  it  is  easy  to  conceive  that 
its  light-reflecting  qualities  depend  on  the  nature  of  the  stuiF ejected 
by  the  crater.  Dr.  Schmidt  regards  the  nimbi  as  volcanic  ash 
distributed,  as  in  terrestrial  eruptions,  round  about  the  orifice.  The 
ash  may  be  of  various  colours ;  but  it  is  possible,  and,  in  the  case  of 
Linni^  very  probable,  that  the  deposited  stuff  was  in  a  fluid  con- 
dition. 

When  the  light-formations  are  of  small  extent,  they  may  not 
inaptly  be  referred  to  eruptions  similar  to  those  that  are  seen  on 
the  earth.  Dr.  Schmidt  observed,  in  the  innumerable  eruptions  of 
the  Santorin  volcano  in  1866  and  186S,  that  bright-coloured  pumice 
and  light  grey  ash  were  deposited  on  the  dark  surface  of  the 
hill  in  most  remarkable  radial  streaks;  and,  the  matter  being 
ejected  on  all  sides,  the  streaks  traced  upwards  coalesced  into  a 
uniform  covering  towards  the  summit,  while  lower  down  the  hill 
they  remained  in  separate  lines  of  over  100  metres  in  length  and 
from  2  to  10  metres  wide.  Here  they  consisted  of  the  coarser 
materials,  which  rolled  towards  the  foot  of  the  mountain.  Thus  the 
crater,  looked  down  on  from  a  certain  height,  would  appear  sur- 
rounded by  a  bright  nimbus,  from  which  issued  bright  rays  or 
streaks  all  round. 

But  who  could  find  analogies  between  such  phenomena  and  those 
of  lunar  volcanos,  from  which,  uninfluenced  by  hill  or  valley, 
the  light-rays  extend  for  hundreds  of  miles,  and  even,  like 
those  from  Tycho,  to  a  distance  equal  to  a  fourth  of  the  lunar 
meridian  or  more?  Even  recollecting  the  far  inferior  gravitating 
power  at  the  Moon's  surface,  and  admitting  a  much  greater 
eruptive  force,  still  much  would  remain  unaccounted  for,  especially, 
among  other  matters,  the  excentric  direction  of  many  of  the  rays, 
which,  traced  backwards,  run  past  on  one  side  of  the  place  from 
which  they  must  have  issued.  And  to  this  might  be  added 
other  anomalies,  such  as  the  bendings  and  the  interlacings  of 
the  lunar  streaks  like  those  from  Tycho,  Kepler,  and  Copernicus. 
It  has  long  been  known  that  the  rays  run  indifferently  over  hill  and 
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valley,  that  they  are  visible  over  a  bright  surface,  that  with  a  low 
Sun  they  are  not  apparent,  and  that  they  throw  no  shadow ;  but  to 
observe  them  closely  would  require  many  years'  study  with  powerful 
means.  This  has  never  yet  been  accomplished,  and,  instead  of 
profitable  observations,  we  seem  content  with  hypotheses.  Only 
in  the  36th  year  of  his  observations  did  Dr.  Schmidt  devote  some 
evenings  to  these  features,  and  then  only  to  make  himself  acquainted 
with  the  principal  ones. 

Many  remarkable  forms  observed  by  Schmidt  are  not  found  in 
Madler,  who,  on  the  other  hand,  has  noticed  Home  not  seen  by  the 
former.  With  high  powers  a  vast  number  of  minute  light-spots 
may  be  found,  and  in  many  of  them>  as  in  Liiini,  are  little  craters. 
It  may  be  conjectured  that  here  are  the  most  recent  of  lunar 
formations,  and  that  changes  on  the  surface  are  by  no  means  to 
be  clashed  among  the  most  unfrequent  phenomena.  The  great  ray 
system  must  be  mapped  in  detail,  if  in  future  times  it  may  be 
ascertained  whether  changes  occur  there  or  not.  It  may  be  con- 
sidered unlikely  that  any  will  be  found ;  but  to  give  up  the  search 
on  account  of  such  settled  opinions,  would  be  only  yielding  to  a 
deplorable  dogmatism,  which,  under  the  appearance  of  critical 
Btrictnessy  has  been  of  little  advantage  to  science. 

Dr.  Schmidt  gives  the  positions  of  the  light-rays,  classed  according 
to  the  4  quadrants  of  Beer  and  Madler*s  map.  He  declares,  how- 
ever, the  incompleteness  of  his  list,  which  may  be  easily  improved 
and  enlarged  by  future  observers. 

The  Rill  formations  seem  specially  to  have  attracted  the  attention 
of  Dr.  Schmidt,  who  in  1866  published  a  catalogue  of  no  less  than 
425  of  those  objects.  In  the  present  work  he  includes  new  observa- 
tions of  many  of  them,  and  describes  several  not  previously  noticed. 

The  effects  of  the  earth-light  on  the  Moon,  or  "  lumiire  cendree,*' 
are  described  by  Dr.  Schmidt  in  a  series  of  interesting  observations. 
None  of  these  served  to  show  the  existence* of  a  lunar  atmosphere* 
He  devotes  a  long  description  to  the  crater  Boussingauk  when  just 
reached  by  the  terminator.  A  certain  illumination  of  the  intenor 
should  be  referred  either  to  the  refractive  power  of  gaseous  matter 
within,  and  reaching  above  it,  or  to  the  earth-light  in  addition  to 
the  direct  sunlight  striking  the  inside  of  the  wall  and  reflected  to 
.  the  crater  floor.  Dr.  Schmidt  does  not  hesitate  to  adopt  the  latter 
explanation* 

In  comparing  Lohrmann's  sections  with  Madler's  list  of  positions 
in  *  Der  Mond '  several  differences  will  be  noticed  ;  and  Dr.  Schmidt 
seems  always  to  agree  with  Lohrmann.  In  section  XIV.,  for 
instance,  the  differences  in  the  places  of  Mason,  Plana^  Eudoxus, 
Democritusy  and  Burg  amount  to  about  2°  both  in  latitude  and 
in  longitude.  In  Plana,  indeed,  there  seems  to  be  a  difference 
of  no  less  than  12^  in  latitude  ;  but  there  is  an  evident  misprint  of 
53°  for  43°  in  Madler's  list  In  Eudoxus  there  appears  a  difference 
of  some  5^  of  longitude. 

It  is  well  known  to  observers  how  an  increase  of  power  will  alter 
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the  aspect  of  a  lunar  formation,  breaking  up  into  separate  parts 
and  irregular  outlines  what  appears  with  inferior  means  as  a  single, 
sharply  defined  mass.  For  this  reason  it  might  be  considered 
that  the  objects  in  Schmidt's  map  might  be  more  difRcuIt  of  iden- 
tification at  first  sight  than  those  in  Lohrmann's ;  but  it  is  quite 
the  other  way;  fur,  notwithstanding  the  cutting  up  by  a  profusion 
of  detail,  the  forms,  as  they  appear  with  moderate  powers,  are,  in 
general,  more  speedily  recognized  in  Schmidt's  delineations.  Take, 
for  instance,  the  remarkable  district  in  Section  XVI.  comprising 
Herschel  IL,  Horrebow,  South,  Babbage,  Pythagoras,  Anaximander, 
&c.  In  Schmidt  these  are  all  identified  at  a  glance,  while  in  Lohr- 
mann  they  are  by  no  means  so  strikingly  distinguished.  In  Lohr- 
mann,  and  also  in  Beer  and  Madler,  South  and  Babbage  are  given  very 
imperfectly.  In  Schmidt's  map  it  may  be  observed  that  the  deep 
shading  of  the  central  ridge  of  Anaximander  renders  the  eastern 
boundary  less  prominent  than  it  appears  in  the  telescope,  and,  indeed. 
Dr.  Schmidt  seems  to  confine  the  name  to  the  western  side  of  the 
ridge.  Horrebow  appears  but  as  a  single  crater  in  Lohrmann, 
while  in  Schmidt  it  is  nearly  divided  into  two.  It  is  composed  of 
two  in  fact,  with  a  low  dividing  lamina,  seen  only  under  favourable 
circumstances.  The  very  remarkable  double  interior  hill  in  Py- 
thagoras, which  has  not  been  overlooked  by  Schmidt,  appeared  only 
single  to  Lohrmann,  and  so  also  to  Beer  and  Madler. 

It  may  here  be  noticed  that  several  remains  of  ancient  craters, 
which  have  been  more  or  less  obliterated  by  newer  formations, 
seemed  to  have  escaped  both  observers,  though  some  of  them  are 
more  or  less  traceable  in  the  maps. 

In  Section  XXIV.  a  large  ancient  crater  including  Fabricius  and 
Argelander,  and  extending  a  long  way  to  the  east,  is  better  defined 
in  Schmidt  than  in  Lohrmann  ;  but  the  latter  shows  more  distinct 
traces  of  two  similar  craters  in  Section  VIII.  The  more  southerly 
of  these,  extending  from  Lexell  on  the  south,  goes  to  Hell  on  the 
north-east,  and  quite  includes  that  crater.  It  is  bounded  on  the 
S.E.  by  a  line  of  small  craters  given  by  both  Schmidt  and  Lohrmann, 
and  reaches  Walter  and  Regiomontanus  to  the  W.  and  N.W.  Another 
ancient  crater  reaches  from  Purbachius  to  the  northern  end  of 
"  Straight  Wall,**  which  runs  nearly  down  its  centre.  Thebit  lies 
within  it  on  the  west.  Both  these  are  of  great  size,  like  all  the 
primitive  craters^  and,  though  not  equalling  those  like  the  Mare 
Crinum,  they  are  far  larger  than  Hipparchus.  A  third  smaller, 
situated  between  the  two,  cannot  be  traced  in  either  Lohrmann  or 
Schmidt ;  but  it  may  be  noticed  at  the  short  periods  of  illumination 
favourable  for  observing  such  wasted  or  nearly  obsolete  features. 

The  incipient  formation  of  rills  by  inosculating  craters  may  be 
well  seen  in  Schmidt's  map.  In  Section  III.,  about  Romer  and 
Posidonius,  are  found  several  good  illustrations  of  crater  rills ;  and  in 
Section  I.  the  single  cleft  of  Hyginus  shuws,  in  its  varied  character, 
the  relationship  between  rills  with  craters  and  those  where  craters 
are  not  distinguished. 
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Schmidt  has  added  to  his  map  a  convenient  epitome  of  the  de- 
scriptive volume ;  and  avaluable  adjunct  will  be  found  in  <  Der  Mond* 
of  Beer  and  Madler,  as  their  letters  of  reference  are  given  by 
Schmidt  in  his  sections.  It  must  be  said,  however,  that  the  letters^ 
are  often  obscure  and  not  readily  deciphered — a  fault,  perhaps,  of 
the  photography. 

It  is  to  be  regretted  that  Schmidt  does  not  give  a  list  of  positions, 
like  Madler  in  §  37  of  *  Der  Mond,*  with  the  addition  of  references  to 
the  sections  in  which  the  objects  are  to  be  found  ;  neither  does  he 
give  any  comprehensive  index.  His  list  of  points  of  the  first  order 
falls  far  short  of  ordinary  requirements ;  nor  are  even  these  easily 
found  in  the  map  without  any  indication  of  the  sections  in  which 
they  appear.  A  small  index  map  showing  the  sections,  and  con- 
taining the  most  prominent  features  with  the  names,  would  be  also 
very  desirable ;  and,  in  its  absence,  it  may  be  suggested  that  a 
spare  copy  (say  from  an  old  edition)  of  Webb's  excellent  little  map 
in  the  *  Celestial  Objects '  can  be  well  utilized  as  an  index  by 
dividing  it  into  sections  corresponding  with  those  of  Lohrmann  and 
Schmidt,  and  adding  with  pen  or  pencil  the  names  to  a  selection  of 
the  principal  formations. 

In  even  a  cursory  examination  of  Schmidt's  map  its  completion 
by  a  single  observer  must  seem  almost  incomprehensible  to  a  man 
of  ordinary  powers ;  but  it  requires  protracted  study  to  well  realize 
the  extent  of  the  work.  Any  person  who  tries  with  the  aid  of  a  6- 
feet  telescope  to  give  a  closely  detailed  delineation  of  even  a  small 
area  of  the  Moon,  will  soon  conclude  that  the  period  of  thirty-three 
years  was  comparatively  a  very  short  one  for  the  accomplishment 
of  Dr.  Schmidt's  great  task.  It  is,  in  all  truth,  a  performance 
highly  creditable  to  the  age  in  which  we  live,  and  to  Teutonic  intellect 
and  perseverance.  It  is  a  splendid  example  of  great  results  from 
small  beginnings.  We  have,  first,  the  astronomer,  as  a  youth  of 
14,  viewing  the  Moon  with  a  little  telescope  steadied  by  a  lamp- 
post, and  probably  the  laughing-stock  of  many  a  passer  by ;  after- 
wards he  is  found,inmatureryears,pursuinghis  favourite  study  under 
more  or  less  difHcult  circumstances  and  in  different  countries,  until,  at 
length,  as  director  of  a  national  observatory,  he  completes  the 
wonderful  production  of  his  truly  inimitable  labours.  For  this  it 
required  all  the  unswerving  persistence  that  is  ever  a  chief  attribute 
of  genius ;  and  the  pages  of  the  *  Astronomiscbe  Nachrichten '  and 
other  scientific  publications  can  testify  to  the  large  amount  of  other 
astronomical  work  performed  by  Dr.  Schmidt  simultaneously  with 
his  lunar  researches. 

It  is  to  be  hoped  that  his  map  will  soon  be  well  known  and  justly 
appreciated  in  this  country.  To  every  person  interested  in  lunar 
topography  it  is  certainly  indispensable ;  and  the  observer'who  sees 
something  in  the  Moon  not  shown  by  Lohrmann,  or  Beer  and 
Madler,  may  be  saved  from  imagining  a  new  discovery  by  finding 
that  the  object  is  represented  by  Schmidt.  This  may  be  easily 
understood  when  it  is  known  that  the  number  of  craters  shown  by 
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Lohrmann  is  7177,  and  by  Madler  77351  while  in  Schmidt's  map 
they  reach  the  extraordinary  amount  of  32,856.  The  rills  number 
in  Lohrmann  77,  in  Madler  71,  and  in  Schmidt  348.  As  regards 
other  objects,  such  as  hills,  ridges,  banks,  crater-terraces,  &c., 
Schmidt's  map  equally  surpasses  the  others  in  comprehensiveness. 
Still,  of  course,  the  survey  cannot  be  considered  exhaustive  even 
within  the  range  of  a  6-feet  telescope ;  and  although,  by  referring 
to  Schmidt's  map,  an  observer  may  find  an  object  which  otherwise, 
by  its  absence  in  other  maps,  he  might  be  led  to  suppose  was  new, 
it  would  be  plainly  wrong  to  infer  that  a  formation  must  necessarily 
be  recent  because  it  is  not  noticed  even  by  Schmidt.  In  a  work 
of  such  magnitude  as  his  it  would  be  manifestly  senseless  to  imagine 
that  even  sufficiently  obvious  objecUt  might  not,  in  some  instances, 
have  escaped  him.  With  a  telescope  not  superior  to  the  Athenian 
refractor  I  have  observed  a  few  things  not  indicated  by  him, — 
such  as  a  second  large  crater  in  Gruithuisen's  Schroter,  a  dilapidated 
diaphragm  dividing  Endymion  into  two,  &c. ;  I  should,  however,  be 
far  from  concluding  on  that  negative  evidence  that  they  were  not  old 
formations.  I  believe  the  instances  of  Schmidt's  oversights  of  rather 
obvious  objects  to  be  wonderfully  rare ;  but  at  the  same  time,  it  is,  I 
sfiould  say,  in  change  of  aspect  in  what  he  represents,  rather  than  in 
the  detection  of  something  not  shown  in  his  chart  (unless  something 
yery  striking),  that  we  are  to  seek  for  sure  indications  of  continued 
action  affecting  the  topography  of  the  Moon. 

J.  Birmingham. 


The  Landslip  in  Plato. 

The  subject  of  changes  occurring  on  the  Moon's  surface  having  of 
late  attracted  much  attention,  it  may  be  desirable  to  place  on  re- 
cord, in  the  pages  of  the  *  Observatory,'  an  account  of  a  landslip  in 
the  interior  of  the  wall  of  Plato  which  was  noticed  by  the  Eev. 
T.  W.  Webb  in  the  year  1866. 

At  the  eastern  extremity  of  the  wall  of  Plato  is  a  conspicuous 
rock  marked  (  by  B.  and  M.,  and  immediately  south  of  it  is  a 
triangular  formation  (easily  seen  between  nine  and  ten  days  of  the 
Moon's  age),  which  has  been  regarded  by  the  Eev.  T.  W.  Webb 
as  a  landslip ;  under  date  1866,  April  25**  11^  o",  he  recorded  in 
his  journal  (with  a  perusal  of  which  he  most  obligingly  favoured 
the  writer  in  1868)  the  following: — "Plato.  I  never  recollect 
having  noticed  before  the  curious  appearance  of  an  irregularly 
triangular  landslip  of  considerable  size  from  the  east  end  of  the 
wall  towards  the  interior,  divided  from  the  rest  of  the  wall  by  a 
bright  crack  of  some  width." 

Again  in  1867,  Nov.  6*  9**  0°*,  2^  6^^  after  ist  quarter,  Mr. 
Webb  records  : — *'  The  well-known  triangular  irregularity  of  out- 
line in  the  south-east  side  of  the  ring  is  clearly  a  landslip  towards 
the  cavity,  being  bordered  throughout  by  a  white  streak ;  it  is  also 
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subdivided  by  a  very  narrow  white  line  from  north  to  south,  show- 
ing that  the  west  part  has  sunk  lower  than  the  east,  and  indicating 
some  such  section  as  this  (^g,  i)."  On  -p.     ^ 

Nov.  17*  18*"  30"*,  io|  hours  before 
last  quw^r,  Mr.  Webb  writes :  "  The 
landslip  is  now  cut  off  by  a  narrow 
black  shadow  where  the  light  was 
before,  and  the  narrow  step  (a  in 
section)  down  from  one  portion  to 
the  other  is  marked  by  a  very  minute  black  line."  On  this  the 
writer  has  the  following  note: — "Mr.  Webb  does  not  say  on 
which  side,  east  or  west,  the  narrow  black  shadow  is  situated.  If 
the  triangular  depression  were  in  the  same  state  as  when  I  observed 
it  in  i860,  May  8,  two  shadows  as  well  as  the  minute  line  should 
be  visible." 

In  connection  with  this  landslip  the  writer  of  this  article  for- 
warded the  following  communication  to  Mr.  Webb ; — "  The  difference 
between  us  appears  to  be  in  the  dotted  portion  on  the  west  rim  of 
the  depression  formed  by  the  landslip.  In  the  printed  notice 
(Eeport  British  Association,  1861,  p.  185)  I  speak  of  the  shadow 
of  the  curved  rampart  having  been  seen  within  the  depression.  I 
have  looked  for  the  original  observation,  but  cannot  lay  my  hiuid 
on  it  at  present.  I  do  not  mention  the  side  of  the  rim  from  which 
the  shadow  was  cast.  I  have,  however,  an  observation,  under  date 
i860,  May  28  8^  15™  to  I o*"  10",  which  is  strongly  indicative  of 
the  depression  being  enclosed  on  all  sides  by  a  rampart.  The  re- 
cord is  as  follows,  with  sketch  in  margin  (fig.  2) : —  ^ 
•Moon's  age  8*11  days,  east  exterior  [of  Plato].  -  ^' ** 
A  triangular  marking  formed  of  two  projecting 
ridges  of  mountains ;  the  floor  in  shadow,^  At 
the  same  epoch  the  record  of  the  state  of  the  floor 
of  Plato  is  as  follows: — 'Between  0*25  and 0*20  of 
the  area  on  the  western  side  in  deep  shadow ;  the 
outline  of  the  shadow  irregular.  About  0*25  from 
the  south  extremity  a  peak  (shadow  of  the  mountain  y),  with  an 
indentation  on  the  north  indicating  a  depression,  probably  the 
depression  through  which  the  stream  of  light  was  thrown  in  Bian- 
chini's  observation  of  August  16,  1725.  About  o*6  also  from  the 
south  extremity,  another  peak  (shadow  of  2),  succeeded  by  another 
indentation,  the  remaining  portion  of  the  outline  of  the  shadow 
irregular.' 

'*rrom  the  two  quotations  it  would  appear  that  in  i860  the 
west  boundary  of  the  enclosure  was  elevated  sufficiently  above  the 
floor  to  hinder  the  Sun  from  shining  on  it  when  his  altitude  was 
low. 

"  Now  comes  an  interesting  question.  According  to  your  section, 
there  is  nothing  whatever  to  impede  the  Hght  as  the  Sun  rises 
upon  the  '  landslip ;'  and  the  fine  white  streak  under  the  morning 
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illtiinination  strongly  indicates  the  difference  of  level  of  the  eastern 
and  western  portions.  Was  this  the  state  of  things  in  i860,  when 
my  observations  of  the  physical  aspect  of  the  crater  Plato  were 
made  ?  If  so,  it  is  very  curious  that  I  should  get  a  strong  indication 
of  a  west  rim  to  the  landslip.  If  not,  then  we  have  another  in- 
stance of  probable  change.  The  appearances  which  you  describe 
are  much  more  in  accordance  with  a  landslip  than  those  which  I 
describe.  At  the  time  of  my  observation,  the  terminator  was 
about  o'75  of  the  length  of  Plato  from  the  eastern  wall  of  Plato. 
I  think  that  it  is  not  unlikely  that  a  change  has  taken  place  in  the 
western  half,  espedaUy  as  I  had  some  strong  evidence  that  a  land- 
slip occurred  on  the  south-west  border,  pro^bly  about  1862." 

1868,  Sept.  6^  iS^  45",  Mr.  "Webb examined  this  formation;  the 
following  is  the  record  of  his  observations  : — "  In  consequence  of 
Mr.  Birfs  remarks  (i  868,  July  15)  I  examined  the  landslip  under  the 
present  opposite  illummation  ;  but  the  Sun  had  risen  and  the  light 
was  fednt.  The  shadow  clearly  showed  that  the  central  part  of  its 
edge  was  not  lower  than  the  unbroken  crater-edge  S.  of  it ;  but 
that  it  ran  down  towards  each  end,  and  that  the  slope  of  its  top 
was  from  the  interior,  as  Birt  asserts,  seemed  evident ;  but  there 
was  no  trace  of  any  ridge  or  bank  along  its  edge,  the  mark  in  the 
sketch  being  the  shadow  of  the  longitudinal  step  upon  Fig.  3. 
it.  The  oidy  place  in  the  neighbourhood  where  such 
a  bank  could  be  traced  was  on  the  N.W.  side  of  the 
projecting  bluff  (,  which  evidently  overtopped  all  the 
neighbouring  heights.  It  had  a  terrace  on  its  S.W. 
face.** 

1868,  Oct.  7*  !&"  o">.  The  writer  has  the  following 
record : — "  This  formation  is  well  situated  for  observingits  character 
under  the  evening  illumination;  its  appearance  is  given  in  the  en- 
graving £g.  3."    Its  section,  so  far  as  he  could  make  out,  is  as  in 


Pig.  3. 


Floor  ^^^^^^^^^^^M  ^-  <^0P«' 


the  engraving  fig  4.    Compared  with  Plato  its  depth  is  very  shallow ; 
but  its  surface  slopes  outwards. 

After  a  lapse  of  11  years  since  Mr.  Webb's  observations  were 
made,  and  more  than  18  since  the  writer  first  recorded  his,  this 
object  presents  advantages  of  no  ordinary  character  for  further 
investigation.  The  pomts  requiring  further  elucidation  are : — ist, 
the  appearance  as  recorded  in  i860,  viz.  a  depression  enclosed  by 
comparatively  low  ridges,  fig.  2 ;  2nd,  if  not,  has  the  western 
ridge  disappeared,  as  indicated  by  Mr.  Webb's  section  (fig.  i)  ?  and, 
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accordingly,  which  of  the  two  series  of  observations  does  the  object 
at  present  most  resemble,  or  is  its  appearance  not  in  accordance 
with  either?  Observation  only  will  answer  these  questions,  and 
we  hope  that  early  attention  will  be  directed  to  the  eastern  wall 
of  Plato.  W.  E.  BiBT. 


Double  Stars  for  May. 
The  principal  objects  between  9**  and  10''  are  as  follow : — 

S  1334.        E.A.  9*^  ii™-4.  I>ec.  +sf  19'. 
Mag.  4,  67.    Colours,  A  greenish  white,  B  blue. 
A  physical  pair. 

1876-3  237°-o        2"'82         Wilson  and  Seabroke. 

2  1338-        B.A.  9**  i3"'4,  Dec.  +38°  42'. 
Mag.  7,  7-2. 
Binary :  in  rapid  motion. 

1876-3  151^-8        i"-63  Dun&. 

2  1356 =ft>  Leonis.        E.A.  9*"  22"*o,  Dec.  +9°  35'. 

Mag.  6-2,  7. 

A  very  close  binary.     Doberck's  elements  (1877)  are : —  Q 
I48°7,  y  64°'5,  X  i2i°-4,  e  0-536,  T  1841-81,  a  o"-890,P  iioy»-82. 

1877-36  76°-6        o"-4i  Dembowski. 

S  1374.        E.A.  9"  33"-9,  Dec.  +39°  30'. 
Mag.  7,  8-3.    Colours,  A  yellowish,  B  very  blue. 
Binary. 

1872-81         284°-!         3"-ii.  Dun^r. 

2  1377.        E.A.  g^  37«-2,  Dec.  +3*^  n'. 
Mag.  7-9,  in. 
Probably  binary. 

1873-24        i36°-8  ....  Wilson  and  Seabroke. 

Dembowski's  distance  in  1667  ^^  3"*58. 


Digitized  by 


Google 


1879.]  Meteor  Notes.  21 

2  1385-        B-A.  9*  43""4>  Dec.  + 17^  8'. 
Mag.  8-5,  107. 

A  difiScalt  object.  Probably  in  slow  retrograde  motion. 

1863-5  351^-0        i"-io  Dembowski 

OS  208.        E.A.  9**  43*-9,  Dec.  +54*"  38'. 
Mag.  s,  S'S. 
A  binary  in  rapid  motion.    An  occultation. 

1873-4  96*^-6      elongated  OX 

S  1389.        B.A.  9«»  4S»-s,  Dec.  +27°  33'. 
Mag.  8-9.    Probably  binary. 

1863-6  3i6°-7  i"-99  Dembowski. 

2  1386.        EA..  9*^  4s~-6,  Dec.  +69°  28'. 
Mag.  8-2,  8*2.    A  binary  in  slow  retrograde  motion. 

1875-6  294^-0  2"'i  Oledhill. 

A.C.  5=8  Sextantis.        E.A.  9''  46"'6,  Dec.  -  7*^32'. 
Mag.  5-6,  6-5.    Eapid  binary.    An  occultation. 

1877*30        round  Buraham. 

Joseph  Oledhill. 


Meteor  Notes  for  May. 

EvBKnro  observations  may  be  made  between  the  7th  and  25th, 
and  morning  observations  during  the  last  half  of  the  month.  On 
the  first  few  days  before  sunrise  a  shower  of  Aquariads  (326°  —  2°) 
should  be  watched  for,  and  at  about  the  middle  of  the  month  there 
is  a  rich  displav  of  Virginids  from  a  centre  at  about  207°  —  8°,  to 
which  the  brilliant  fireball  of  1878  May  12,  at  8.53  p.m.,  probably 
belonged.  A  shower  of  Draconids^  just  S.  of  Oj  was  observed  by 
ZezioH  on  the  25th  in  1867-8,  and  by  the  writer  on  the  17th  in 
1877 ;  and  there  is  a  radiant  at  354**  +41°,  visible  in  the  mornings 
towards  the  end  of  the  month,  wluch  has  hitherto  been  but  slightly 
observed.  Mr.  Greg,  in  his  1876  catalogue  of  meteor-showers, 
gives  the  following  chief  positions  for  Majx — 280**  +34^  310** 
+  24^  204°  +56^  289^  +81°,  235°  +4S°»  and  123°  +40^  Large 
meters  should  be  expected  on  tiie  2nd'4th,  i5th-i6th,  and  31st. 
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Becent  Observations. — Several  accounts  of  what  appears  to  have 
been  a  detonating  fireball  have  come  to  hand.  Mr.  Cornish  received 
.a  notice  of  it  from  Haverhill  as  follows  : — "  On  Feb.  21,  at  about 
12^  15™,  there  was  a  splendid  illumination  over  this  town,  it  being 
cloudy  at  the  time.  I  at  first  thought  it  was  a  flash  of  lightning, 
but  it  continued  too  long  for  that.  The  brightest  part  was  in  S.E., 
and  I  should  think  it  lasted  5  seconds  or  more.  About  |  or  | 
minute  afterwards  there  was  a  sound  like  thunder,  which  began 
apparently  at  45°  altitude  and  went  rumbling  down  to  N.W.'* 
The  same  phenomenon  is  described  in  the  *Bury  Free  Press' : — "  On 
Friday  night  (2i8t  Feb.),  a  little  before  midnight,  a  very  brilliant 
meteor  was  seen  in  the  west.  It  moved  slowly  in  a  downward 
direction  like  a  ball  of  fire  falling  to  the  earth,  lighting  up  the  sky 
vividly  in  its  descent.  A  report  was  heard  at  the  same  time  like 
the  sound  of  an  explosion."  This  detonating  meteor  is  evidently 
different  from  the  one  described,  in  the  *  Observatory '  (p.  417)  for 
April,  as  having  appeared  shortly  before  3  a.m.  on  Feb.  24. 

On  March  2,  9**  40™,  Mr.  Cornish  at  Debenham  observed  a  first- 
mag,  meteor,  with  a  path  from  184°  +  63°  to  18  J°  +  58^  It  burst 
12'  n.p,^  JJtbsb,  On  March  3,  16*"  30™,  a  meteor  (ij  mag.) 
traversed  a  short  course  of  about  4°  in  Hercules,  from  261*^  +38° 
to  259°  +34°.    If  its  path  be  traced  backwards,  it  cuts  the  50th 

rraUel  of  declination  at  269°,  so  that  it  may  belong  to  the  Draconids 
at  263®  4-  50°  (Gl^reg,  No.  47).  On  April  1 1  a  watch  was  sustained 
by  Mr.  Cornish  from  8**  20"*  to  12**  15™,  with  the  exception  of  a 
short  break  a  little  before  9*^,  when  it  clouded  over.  1 2  shooting-stars 
were  seen,  none  of  them  very  bright.  At  9**  40™  a  faint  stationary 
meteor  was  seen  at  75*^  +45|°  (close  to  a  Aurigae).  This  star  is  a 
well-observed  point  of  departure  of  many  showers  occurring  be- 
tween August  and  February,  but  it  had  not  been  previously  re- 
cognized as  a  probable  radiant  of  April  meteors,  except  perhaps  by 
Heis.  Mr.  Cornish  also  registered  two  shootingnstara,  with  paths 
much  foreshortened,  dose  to  a  centre  at  55°  +75°i  which  afford 
indication  of  another  new  shower. 

Mention  is  made,  in  our  last  month's  "  Notes,"  of  the  dates  April 
11-12  as  a  notable  epoch  of  fireballs.  Both  nights  were  cloudy 
this  year  at  Bristol,  and  the  fact  could  not  be  verified ;  but  the  writer 
has  just  concluded  the  projection  of  more  than  700  shooting-stars 
seen  on  April  9-12,  chiefly  by  Zezioli  and  other  Italian  observers, 
in  the  years  1867-72.  The  major  showers  derived  from  this  in- 
vestigation are  at  249°  -1-51°  (on  the  northern  border  of  Hercules), 
184°  4-59°  (at  d  UrssB  Majorts),  and  at  212°  +6$"^  (aDraconis), 
each  indicated  by  about  45  meteors.  There  is  also  an  apparently 
diffuse  radiant  in  Coma  (37  meteors)  and  others  in  Bootes,  Corona, 
and  Hercules,  one  of  which,  in  the  latter  constellation  at  257°+  37° 
(25  meteors),  is  very  well  defined,  and  agrees  with  the  showers 
(Nos.  49,  50,  60)  deduced  for  April  2-23  by  Schiaparelli  from 
Zezioli's  observations.  W.  F.  Deniokg. 
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COBRESPONDENCE. 

To  the  Editor  of  *  The  Observatory: 

The  Sadler-Smyth  Scandal. 

Sib,— 

I  attended  the  April  Meeting  of  the  B.  A.  S.|  in  the  confident 
expectation  that  somethmg  would  transpire  respecting  Mr.  Sadler's 
attack  on  Admiral  Smyth.  I  was  prepared  to  find  an  intimatian 
from  the  Council  that  they  had  done  something,  whereas  no  an« 
nouncement  was  made.  If  Parliamentary  precedent  had  been  fol^ 
lowed,  we  should  hare  been  told  either:— -(i)  That  a  committee  to 
inyestigate  the  charges  had  been  appointed ;  or  (a)  That  to  save 
trouble  all  round  Mr.  Sadler  had  resided ;  or  (3)  That  the  Council 
were  at  sixes  and  sevens,  and  a  majority  or  a  minority  had  resigned. 
Any  one  of  these  three  courses  would  have  been  in  accordance  with 
the  manners  and  customs  of  public  life  and  would  in  some  measure 
Laye  met  the  requirements  of  decency.  But  no  announcement 
was  made  from  the  chair,  and  outsiders  must  presume  that  nothing 
is  in  contemplation  on  the  part  of  the  governing  body,  and  that 
their  policy  is  to  whitewash  Mr.  Sadler  at  the  expense  of  Admiral 
Smyth's  reputation  and  the  feelings  of  his  family. 

Is  this  to  be  tolerated  ?  I  say  emphatically,  No  I  unless  the 
Pellows  at  large  are  to  be  deemed  dead  to  all  sense  of  honour  and 
shame. 

In  language  of  the  most  unequivocal  character  (I  will  give  him 
credit  for  that),  Mr.  Sadler  has  chosen  to  accuse  the  Admiral  of 
wilful  and  wide-spread  fraud  and  deceit,  and  has  (inferentially) 
asserted  that  the  Council  who  30  odd  years  ago  gave  the  Admiral 
a  medal  for  his  work  were  fools. 

This  being  the  situation,  something  must  be  done ;  the  Council 
having  done  nothing,  the  Fellows  must  move. 

At  the  moment  of  writing  this  I  am  not  very  clear  as  to  what  is 
the  proper  modus  operandi^  and  I  have  not  within  reach  any  Fellows 
whom  I  can  consult;  but  I  would  ask  you  to  allow  me  to  announce 
through  your  columns  that  at  the  meeting  on  Friday,  May  9, 1  shall 
bring  forward  some  such  resolution  as  the  following : — 

"That  this  Meeting,  having  heard  that  accusations  of  wilful  fraud, 
in  connexion  with  the  composition  by  the  late  Admiral  Smyth  of 
his  Cycle  of  Celestial  Objects,  have  been  made  by  Mr.  H.  Sadler  (a 
member  of  the  Council),  is  of  opinion  that  the  Council  are  deserving 
of  censure  for  not  havmg  taken  steps  to  have  these  charges  either 
proved  or  retracted,  and  calls  for  the  immediate  resignation  by 
Mr.  Sadler  of  his  seat  on  the  Council.*' 

I  wish  to  say  as  little  as  possible  at  this  moment  on  the  action 
of  the  Council,  because  that  matter  may  be  best  discussed  at  the 
Meeting ;  but  I  think  it  well  merits  the  consideration  of  the  Fellows 
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how  far,  even  on  general  grounds,  the  present  Council  is  a  fairly  re- 
presentative body  deserving  of  confidence.  To  my  mind  it  is  not 
Buch  :  an  Astronomical  Society  ought  to  be  governed  by  working 
Astronomers,  and  admission  to  the  governing  body  should  go  in 
some  degree  by  seniority ;  but  where  a  man  is  selected  who  has  no 
claims  by  seniority  it  ought  to  be  because  he  has  conspicuous  claims 
by  merit,  or  energy,  as  in  the  case  of  oxur  present  President.  Mr. 
Sadler,  having  been  elected  Fellow  in  June  1876,  has  clearly  no  • 
claims  by  seniority :  as  to  his  claim  by  merit,  I  need,  under  the  cir- 
cumstances, say  nothing.  By  some  kind  of  juggling,  the  mysteries 
of  which  are  unknown  to  me,  most  of  the  influential  Astronomers 
of  England  seem  to  have  been  juggled  out  of  the  Council  and  a 
batch  of  nobodies  juggled  in. 

I  am,  Sir,  your  obedient  servant, 
Northfield  Observatory,  Q,  F.  GhImbeBS. 

Eastbourne, 
April  18,  1879. 

The  Pulkowa  Double-Star  Observaiions. 

Sib,— 

I  cannot  endorse  A.  W.  Downing's  maxim,  "  My  faith  is 
large  in  means."  He  is,  however,  right  in  saying  that  "the 
tendency  of  modem  astronomy  is  to  admit  more  and  more  that 
the  mean  of  results  obtained  by  several  observers  is  the  most 
accurate  that  can  be  given,  assuming  that  the  systematic  errors 
peculiar  to  each  are  thus  eliminated."  But  it  is  far  from  being 
proved  that  this  assumption  is  true. 

Let  us  take,  for  instance,  a  very  common  observation,  viz.  the 
true  place  of  a  star  in  N.P.D.  This  brings  us  to  deal  with  several 
unknown  quantities  : — The  residual  errors,  A  of  coUimation,  B  of 
azimuth,  C  of  level ;  D,  the  exact  nadir  point,  which  my  experience 
has  shown  to  be  variable;  E,  the  error  in  latitude,  which  may 
depend  on  D ;  F,  the  true  amount  of  refraction  (a  friend  of  mine 
has  examined  this  point  ab  ovo  and  finds  that  all  our  tables  are 
wrong) ;  G-,  the  flexure  of  the  instrument  which  Ldwy's  apparatus 
observes  in  any  angle,  showing  that  it  does  not  follow  the  law  of 
sines  ;  H,  the  personal  equation,  perhaps  more  variable  than  it  is 
generally  supposed ;  I,  error  or  observation,  so  very  hard  to 
determine ;  tf,  authors  of  fundamental  catalogues,  when  com- 
bining independent  but  conflicting  results,  must  weigh  them  by 
the  law  of  evidence,  as  careful  historians  do.  K,  to  the  foregoing 
ten  must  be  added  residual  error  brought  in,  perhaps,  by  more 
than  one  cause,  at  present  unknown,  and  which  may  be  pregnant 
with  new  theories.  It  is  not  safe  to  assume  that  an  arithmetical 
mean  covers  and  compensates  exactly  all  these  causes  of  un- 
certainty. 

A  mean  is  nothing  more  than  a  convenient  summary  of  different 
results.  Strictly  speaking,  a  mean  is  an  untruth  unless  when  it 
agrees  precisely  with  one  of  the  combined  numbers  which  help  to 
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form  it ;  and  even  then  that  single  one  may  be  wrong.  Conversely, 
every  individual  number  used  to  eke  out  a  mean  may  be  right,  for 
they  cannot  be  all  obtained  simultaneously,  and  several  causes, 
undiscovered  as  yet,  may  come  into  play  from  time  to  time.  As 
chemists  have  often  done,  astronomers  may  elicit  new  ideas  by 
sifting  carefully  residual  errors. 

Should  you  find  something  wholesome  in  my  criticisms,  I  beg 
to  add  a  word  about  the  method  of  least  squares.  This  device  for 
furbishing  up  results,  so  much  practised  in  G-ermany,  was  always 
condemned  by  Le  Verrier.  In  many  cases  it  may  be  compared  to 
the  outward  and  beautiful  varnish  of  a  dock,  whose  inner  works 
are  limp  and  faulty.  Tour  memory  can  recall  cases  where  sub- 
sequent truthful  observations  have  shown  the  necessity  of  a 
correction  exceeding  greatly  the  probable  error  determined  pre- 
viously by  long  calculations.  These  are  generally  useless  as  regards 
the  method  of  least  squares ;  and  I  sincerely  thank  all  observers  who 
publish  their  several  results  even  without  taking  Meaits. 

I  remain,  truly  yours, 

Paris,  1879,  March  26.  Antoutb  d'Abbadie. 

The  New  Binary,  99  Herculis. 

Sib,— 

I  have  just  read  your  April  No.,  and  hasten  to  send  you  a 
remark  on  "  A  new  Binary,'*  p.  420,  which  may  perhaps  interest 
your  readers. 

It  does  not  yet  appear  certain  that  this  double  star  really  forms 
a  binary  system,  although  this  conclusion  is  rendered  probable  by 
the  proximity  of  the  components.  In  fact  this  star  is  (see  my 
Catalogue,  p.  166): — ^Flamstoed  2474;  Bradley  2278;  P.  xvii 
385 ;  Armagh  3686 ;  Greenwich  1864,  2002  ;  and  the  adopted 
Proper  Motion  is,  in  EJl.  —  o*'oo5,  in  N.P.D.  —  o"*o8;  Motion 
in  K.A.    X   cos  A  =  —  o"'038,  Eesultant    =o"'o88.  Direction 

=334°. 

Now  it  would  suffice  that  the  distance  measured  by  Mr.  Bumham 
in  1878  should  be  a  little  less  thaix  he  indicates,  or  that  that  of 
Alvan  Clark  in  1859  should  be  a  little  greater,  for  the  relative 
motion  of  the  small  star  to  be  precisely  parallel  and  opposite  to 
the  proper  motion  of  the  principal  star,  it  is  true  that  it  seems 
less ;  but  if  we  remark  that  the  proper  motion  of  99  Herculis  is 
not  very  certainly  determined,  and  that  the  determinations  are  not 
very  accordant,  we  cannot  help  concluding  that  the  observations  do 
not  suffice  to  prove  this  couple  to  be  physical,  and  that  it  might  be 
optical.  The  difference  of  brightness  of  the  components  (5  and  lo 
mi^.)  supports  the  latter  conclusion,  rather  than  the  former. 

I  am.  Sir,  yours  faithfully, 

Paris,  1^79,  April  2.  Caiollb  Elammabioit. 
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Conjunction  of  Mars  and  Satwrn,  June  30/A,  1879. 

Sib,— 

The  January  number  of  your  valuable  periodical  has  just 
come  to  hand;  and  I  was  much  gratified  to  read  your  account  of  the 
discussion,  at  the  Boyal  Astronomical  Society's  December  meeting, 
which  followed  the  reading  of  the  Astronomer  Eoyal's  paper  on 
the  remarkable  conjunction  of  Mars  and  Saturn  for  June  3oth9 
1879.  I  was  the  more  gratified  because  the  subject  had  been 
preriously  treated  by  me  in  a  paper  read  before  the  Astronomical 
Section  of  the  Royal  Society  of  N.  S.  Wales  on  the  ist  I^^oyember 
last.  The  remarkably  close  approach  of  the  planets,  and  the 
favourable  position  which  we  in  Australia  occupy  for  the  observa- 
tion of  this  important  phase  of  the  conjunction,  were  especially 
insisted  on.  According  to  my  calculation  for  the  geocentric  phase, 
the  nearest  approach  of  centres  would  occur  at  5**  31",  Sydney 
civil  mean  time,  in  the  morning  of  July  t,  and  the  corresponding 
distance  of  centres  would  be  about  71". 

I  did  not  enter  into  the  question  of  parallax,  for  it  would  have 
very  little  effect  on  the  result.  Its  effect,  as  I  pointed  out,  would 
really  be  to  slightly  increase  the  apparent  geocentric  distance ;  and 
the  tabular  errors,  it  now  appears,  would  produce  a  much  greater 
effect.  Mr.  Mirth's  remarks,  in  connexion  with  the  satellite 
lapetus,  add  no  small  degree  of  interest  to  the  phenomenon.  I 
trust  those  observers  in  this  part  of  the  world  who  are  provided 
with  telescopes  of  moderate  power  will  be  able  to  render  a  satis- 
factory account  of  the  phenbmenon. 

I  am.  Sir,  yours  faithfully, 
Obserratory,  Windsor,  N.  S.  Wales,  JOHN  TfiBBOTT. 

1 8791  Feb.  20. 

Solar  Photography. 

Sib,— 

In  No.  24  of  the  '  Observatory,'  in  the  article  "  Visibility 
of  the  Corona  in  full  Sunlight,"  the  author  adds  that  I  consider 
"  that  photography  is  incapable  of  reproducing  the  ensemhle  of  the 
phenomena  during  an  eclipse,  just  as  it  cannot  reproduce  the 
granulations."  This  expression  does  not  agree  with  what  I  have 
published  ;  there  is  a  word  wanting.  In  fact,  according  to  my  ar- 
ticle, *Mem.  degli  Spettrosc.  Italiani,'  vol.  vii.  p.  147,  the  author 
should  have  concluded  **  that  photography  is  incapable  of  repro- 
ducing the  ensemhle  of  the  phenomena  during  an  eclipse,  just  as  it 
cannot  reproduce  the  ensemhle  of  the  granulations. '^  If  the  granu- 
lations are  visible  at  the  centre  of  the  Sun's  disk,  as  well  as  dt  the 
limb,  that  does  not  imply  that  photography  is  equally  perfect  in  all 
the  different  parts  of  the  disk.  In  fact  I  have  convinced  myself  of 
this  by  an  examination  of  the  magnificent  photographs  of  M.  Jans- 
sen  ;  and  when  at  the  Observatory  of  Meudon,  in  September  1878, 1 
had  the  honour  of  offering  similar  considerations  to  the  illustrious 
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direetor,  he  answered  that  I  was  perfectly  right,  and  he  told  me  that 
certain  exposures  yery  suitable  for  the  centre  of  the  Sun's  disk  would 
be  insufficient  for  the  parts  near  the  limb.  You  see,  then,  that  my 
conclusions  are  not  "without  sufficient  examination  of  the  subject." 

I  am,  Sir,  yours  faithfully, 
Eome,  1879,  April  lo.  P.  TaOOHHTI. 

[We  are  sorry  to  have  unintentionally  misrepresented  Prof. 
Tacchini's  meaning.  At  the  same  time  we  cannot  agree  with  him 
that  photography  is  incapable  of  doing  what  he  says  ;  for  he  still 
seems  to  us  to  haye  overlooked  the  possibility  of  taking  several 
photographs,  with  different  exposures,  each  suited  to  bring  out 
some  spedal  feature. — ^Ed.] 

Projection  of  Merctny  on  the  Sun^s  Corona. 

Sib,— 

The  circumstances  under  which  the  planet  Mercury  was 
seen  projected  upon  the  Solar  corona  by  Prof.  Langley  were  so  en- 
tirely different  from  those  under  which  it  was  seen  by  myself  that 
I  am  induced  to  make  the  following  remarks,  in  the  belief  that 
they  may  prove  interesting. 

Prof.  liangley  states  that  he  observed  Mercury  through  the 
clearest  atmosphere  of  the  year,  and  attributes  the  fact  of  his  seeing 
it  at  all  to  this  state  of  sky.  In  other  words,  the  transparency  of 
the  atmosphere  was  such  that  the  slight  difference  of  light  intensity 
was  in  no  way  masked  by  scattered  light.  The  circumstances  ap- 
proached those  that  prevml  at  high  altitudes  and  during  a  saturated 
state  of  the  atmosphere  at  the  sea-level,  nameljr,  definition  mode- 
rate only  or  bad,  but  the  quantity  of  light  received  by  the  eje  at 
its  maximum.  Practical  astronomers  will  not  need  to  be  remmded 
that  for  observing  nebulae  and  comets,  for  glimpsing  faint  objects 
barely  within  the  range  of  the  telescope  employed,  and  for  most 
descriptions  of  spectroscopic  work  these  circumstances  are  most 
favourable  and  desirable. 

At  this  observatory  the  reverse  was  the  case.  The  sky  was  hazy  to 
an  extent  that  rendered  the  observation  beforehand  apparently  hope- 
less ;  but  a  certain  amount,  or  perhaps  description,  of  haze  is  eminently 
*  elpful  to  definition,  and,  aided  by  the  fine  optical  qualities  of  the 
telescope,  the  disk  of  Mercury  was  most  sharply  cut  against  the 
corona.  These  circumstances  are  precisely  those  most  favourable 
for  judging  slight  differences  of  light  intensity,  and  in  photometry 
are  always  artificially  produced  before  making  comparisons.  It  is 
to  this  I  attribute  my  success.  These  conditions,  so  diametrically 
opposed  to  those  which  exist  at  high  altitudes  and  within  the  con- 
fiiies  of  a  cyclone,  would  appear  to  be  most  favourable  for  micro- 
metric  measurements  and  for  general  astronomical  work  ;  and  this 
will,  to  some  considerable  extent,  account  for  the  good  work  that 
has  been  done  for  so  many  years  at  Greenwich.     Prof.  Langley  has 
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wisely  refrained  from  giving  his  own  conclusions  upon  the  subject 
which  has  engaged  his  attention  in  Europe ;  but  it  is  possible  that 
some  of  these  remarks  will  agree  with  his  experience,  or  even  offer 
a  clue  to  some  of  his  perplexities.  A  more  difficult  question,  how- 
ever, still  remains  to  be  answered,  namely,  whether  a  site  for  an 
observatory  can  be  found  that  shall  combine  both  advantages, 
transparency  of  sky  and  steadiness  of  definition. 

I  am,  Sir,  yours  faithfully, 
Orwell  Park  Obflerratory.  JOHN  I.  PlxTMMEB. 

April  1 8th,  1S79. 

NOTES. 

Longitude  Determinations  in  France*. — MM.  Loewy  and 
Stefan  have  recently  presented  to  the  French  Academy  a  memoir 
on  the  determination  of  the  longitudes  Paris  —  Marseilles^  Mar- 
seilles—Algiers, and  Paris— Algiers.  In  the  discussion  special  pains 
have  been  taken  to  evaluate  the  small  errors  of  various  kinds 
which  might  possibly  affect  the  result ;  and  in  this  connexion  M. 
Loewy  remarks,  with  great  justice,  that  the  accordance  of  the  indi- 
vidual results  obtained  on  successive  nights  cannot  be  taken  as  proof 
of  the  accuracy  of  the  mean,  since  independent  observations  made 
under  similar  conditions  may  present  a  remarkable  accord  and  yet 
be  all  affected  by  a  large  systematic  error.  Taking  account  of  all 
conceivable  sources  of  error,  M.  Loewy  estimates  the  probable 
error  of  the  final  result  for  each  of  the  differences  of  longitude 
Paris— Marseilles,  Marseilles— Algiers  as  +o"'oii.  A  check  on  this 
is  furnished  by  the  direct  determination  of  the  longitude  Paris— 
Algiers ;  and  Mr.  Loewy  finds  that  the  agreement  is  quite  satisfac- 
tory, the  small  discordances  being  of  the  order  of  the  calculated 
probable  errors. 

The  time  of  transmission  of  the  telegraphic  signals  is  discussed  in 
an  Appendix.  The  time  occupied  by  the  current  in  traversing  the 
land-line  863  kilometres  in  length  was  0**024,  or  at  the  rate  of 
36,000  kilometres  a  second,  whilst  for  the  submarine  cable  926 
kilometres  long  it  was  ten  times  as  great,  0**233,  o^  ^^  ^he  rate  of 
4000  kilometres  a  second.  These  results  agree  remarkably  with 
those  found  by  Dr.  Albrecht  in  Germany  from  a  land-line  of  836 
kilometres  in  length  and  an  underground  cable  of  893  kilometres, 
the  differences  in  the  rate  of  transmission  for  the  two  land-lines 
being  only  o**ooi,  and  fur  the  submarine  and  underground  cables 
o'*oo2.  This  remarkable  agreement  leads  to  the  conclusion  that 
the  electrical  conditions  of  insulation,  conductivity,  &c.  must  have 
been  identical  for  the  lines  in  the  two  countries.  Widely  different 
results  have  been  found  in  other  cases.  Thus,  in  America  from  the 
determination  of  the  longitude  of  Ogden,  Utah  {cf.  *  Observatory,' 
No.  2),  over  a  length  of  2000  miles  of  land-line  the  velocity  was 
only  6000  miles  a  second  ;  and  in  the  determination  of  the  longi- 
*  Oomptes  Bendus,  Vol.  IxxxTii.  No.  20, 
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tude  of  Cairo  from  Greenwich  by  the  British  Transit-of- Venus 
Expedition,  through  a  submarine  cable  3720  miles  long  without  a 
break  (the  greatest  length  ever  signalled  through),  the  loss  of  time 
before  the  signal  was  visible  was  i'*3i,  corresponding  to  a  velocity 
of  2840  miles  a  second.  

End-on  Illttmutation  nr  Specteoscopt  *. — In  a  paper  read  be- 
fore the  Boyal  Scottish  Society  of  Arts,  Prof.  Piazzi  Smyth  has 
pointed  out  a  simple  way  of  inducing  "  a  very  lion  of  trouble 
seated  right  across  the  special  path  of  progress  and  research," 
which  Prof.  Smyth  was  desirous  of  pursuing,  "  to  get  up,  make 
himself  scarce,  and  not  exhibit  his  threatening  front."  The  "  lion 
of  trouble"  consists  in  the  difficulty  experienced  by  spectroscopists 
in  getting  sufficient  illumination  out  of  a  low-temperature  flame. 
To  raise  the  temperature  in  order  to  get  greater  brightness  would, 
as  Prof.  Smyth  points  out,  chauge  the  character  of  the  spectrum  ; 
and  he  therefore  proposes  to  utilize  a  greater  thickness  of  flame 
by  looking  end-on,  instead  of  transversely  as  is  ordinarily  done. 
He  has  applied  this  method  with'  success  to  the  blowpipe-flame 
and  also  to  vacuum-tubes,  which  have  been  made  for  end-on  view 
by  M.  Salleron  of  Paris.  In  addition  to  the  greater  thickness  of 
incandescent  gas,  which  contributes  to  the  illumination  in  these 
tubes,  there  is  the  advantage  of  looking  through  the  thin  ends  in- 
stead of  the  thick  glass  of  the  capillary. 

In  an  appendix  Prof.  Smyth  gives  his  observations  of  carbonic 
spectra  and  of  the  spectrum  of  air  to  show  the  superiority  of  the 
end-on  view  to  the  ordinary  method.  The  positions  of  the  lines 
are  denoted  by  their  "  wave-number  place  per  British  inch,"  in- 
stead of  in  the  ordinary  scale  of  wave-lengths  in  tenth-metres  used 
by  spectroscopists.  La  the  carbonic  spectra  a  large  number  of 
lines  are  given  which  appear  not  to  have  been  noticed  before ; 
and  in  the  spectrum  of  air  221  lines  are  noted  with  the  end-on 
view,  in  a  space  where  with  the  same  dispersion  only  72  could  be 
seen  with  transverse  view.  It  appears  that  end-on  vacuum-tubes 
were  devised  by  Dr.  v.  Monckhoven  about  two  years  ago,  but  they 
appear  to  have  been  forgotten  till  Prof.  Smyth  reinvented  them 
and  pointed  out  their  advantages. 

Papbb  Dome  fob  an  OBsEBVATOETf. — An  astronomical  obser- 
vatory has  been  recently  erected  at  the  Rensselaer  Polytechnic  In- 
Btitute  through  the  liberality  of  Mr.  E.  Proudflt,  of  Troy,  N.  T. ; 
and  as  a  dome  of  the  dimensions  requii'ed,  if  constructed  in  any  of 
the  methods  in  common  use,  would  weigh  from  5  to  10  tens,  Prof. 
Dascom  G-reene,  who  planned  the  buildmg,  bethought  him  of  paper 
as  a  covering  for  a  framework  of  wood  made  as  light  as  possible. 
He  applied  to  a  well-known  firm  of  builders  of  paper  boats,  and 

*  *  End-on  Illumination  in  Private  Spectroscopy.'   Edinburgh :  Neill  k  Co., 
1879. 
t  American  Journal,  1879,  Jan^i&ry. 
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they  carried  out  the  undertaking  with  great  skill  and  suooess.  The 
dome  is  a  hemisphere  of  29  feet  diameter,  and  the  paper  (which  is 
about  one-sixth  of  an  inch  in  thickness  when  dry)  was  laid  on  in 
sixteen  sections,  being  stretched  when  moist  on  a  wooden  model 
of  full  size,  and  allowed  to  dry  in  a  hot  chamber.  The  paper  has  a 
structure  as  compact  as  the  hardest  wood,  which  it  greatly  excels 
in  strength,  toughness,  and  freedom  from  any  liability  to  fracture, 
and  was  thoroughly  painted  before  being  set  up.  The  weight  of 
the  dome  and  appurtenances  is  4000  lbs.  It  is  supported  on  six 
8-inch  balls,  and  can  be  easily  revolved  by  a  moderate  pressure 
without  the  aid  of  machinery. 

The  Spanish  and  French  geodesists  Ibanez  and  Perrier  intend 
joining  their  net-work  by  latitudes  and  reciprocal  azimuths,  ob- 
served in  the  neighbourhood  of  Oran  and  the  Mulahacen  range  of 
mountains,  the  respective  altitudes  averaging  1000  and  3900  metres. 
As  the  distance  is  about  300  kilometres,  the  electric  light  and 
special  optical  apparatus  are  to  be  used.  Should  this  sucosed,  the 
distance  will  be  the  greatest  attained  at  once  in  geodesy.  M.  A, 
d'Abbadie's  furthest  was  only  130  kilometres ;  but  Zach  oUerved 
Mt.  Canigou  from  Marseilles,  although  228  kilometres  ofE.  The 
Himalaya  range  has  been  seen  at  a  distance  of  390,  according  to 
Sir  W.  Jones  ;  but  sights  like  these  are  few  and  fer  between. 

Editob, 


Ephemeris  of  Brorsen's 

Oomet  (by  Prof.  Schulze). 

Berlin 

R.A. 

Dec 

Logr. 

Log  A. 

Noon. 

h    m    • 

0      1 

June     I    ... 

.    12      9     9 

48  46-1  N 

0*1017 

9-9009 

3   ... 

19  33 

46  36-2 

o'ilo7 

9-9117 

s  ... 

28  53 

44  28-5 

0-1195 

9.9230 

7   ... 

37   18 

42  23-4 

0'1280 

9-9346 

9  ••  . 

44  57 

40   21'6 

0-1364 

9-9466 

II   . . . 

51  57 

38  23-3 

0-I445 

9-9588 

13   ..• 

58  23 

36  287 

0-1524 

9-9712 

15   ... 

.13     4  22 

34  38-0 

0*l602 

9-9838 

17   ... 

9  56 

32  51-2  N 

0-1677 

9.9965 

From  Major  Tupman's  observations  it  appears  that  the  comet 
is  considerably  to  the  south  of  the  place  given  by  this  ephemeris, 
the  correction  being  in  Dec.  —31'  on  April  4,  and  —35'  on  April 
1 1,  whilst  that  in  E.A.  is  very  small.  From  spectroscopic  observa- 
tions by  Prof.  Young  and  at  Greenwich,  it  results  that  the  brightest 
of  the  three  comet-bands  is  sensibly  coincident  with  the  green  band 
of  carbon,  and  that  consequently  the  spectrum  of  this  comet  no 
longer  stands  out  as  exceptional.  Mr.  Huggins's  observations  in 
1868,  which  seemed  to  show  that  the  bands  did  not  coincide  with 
those  of  carbon,  were  made  under  much  less  favourable  conditions^ 
the  comet  being  much  fainter  then  than  at  its  present  apparition. 

The  comet  is  now  receding  both  from  the  Earth  and  ^e  Son. 
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Astronomical  Memoranda,  1879,  June. 
Sun.  June  i,  sets  8**  4",  rises  15^  50  ;  June  30,  sets  8*"  18"",  rises 

Equation  of  time : — Sun  before  clock,  June  i,  2™  28*;  June  11, 
o"  43*:  after,  June  21,  i"  25*;  July  1,  3"  30". 

Sidereal  Time  at  Mean  Noon: — June  i,  4**38'"'4;  June  11, 
jh  jym.g  .  j^jj^  21,  5*»  57°-2  ;  July  J,  6\^6'^"j. 

Moan.  Full,  June  4,  1^36"^;  Last  Quarter,  June  11,  4^56": 
New,  June  19,  8**  20" ;  First  Quarter,  June  26,  17**  56*". 

Occultations : — June  6,  14**  31™  B.  A.  C.  6699  Oc.  E.  6^;  June 
ii>  13**  50"  ^  Piscium  Oc.  E.  346°;  June  15,  13^  50"*  ^  Arietis 
Oc.  E.  302°;  June  23,  10**  14""  J  Leonis  Oc.  D.  SS"" ;  Jime  28, 
II**  3"  87  Virginis  Oc.  D.  44°;  June  30,  12*"  16"*  6  Scorpii  Oc.  D. 
37**.  The  angles  at  disappearance  (D.)  and  reappearance  (E.)  are 
reckoned  from  the  ajpparent  N.  point  towards  the  right  hand  round 
the  Moon's  circumference  as  seen  in  an  inverting  telescope. 

Mercury  is  in  superior  conjunction  on  June  18. 

Venus  is  an  evening  star,  setting  in  the  N.W.  at  11**  16"  on 
June  I,  and  at  lo**  35"  on  Jime  30.  Her  disk  is  gibbous,  the  il- 
luminated portion  being  0-692  on  June  i,  and  0*568  on  June  30, 
and  the  corresponding  diameters  15"' 9  and  20''' 2. 

Mars  is*a  morning  star  in  the  east,  advancing  through  Pisces. 
He  is  very  close  to  Saturn  on  June  30  (cf  Observatory,  No.  21, 
pp.  279-282  and  No.  25,  p.  26),  the  two  planets  being  only  72" 
apart  at  ?»»  30"  G.  M.  T. 
June  I,  E.A.  23**  43"7,  Dec.  4°  i'  S.,  tr.  19**  4",  rises  13**  21". 
June  30,  o    58  '6,  3    41 N.,      18   25,  13     i 

Jupiter  is  a  morning  star  in  the  8.B.,  in  Aquarius. 
June  i,B.A.  22**  52"'3,  Dec.  8*=*  19'  8.,  tr.  18**  ii«  rises  la^  50". 
June  30,  22    48  -I,  7    52  S.,        16  23  ,  10   59 

Jupit^s  Satellites: — June'i,  14**  29"  ii.  Sh.  I. ;  June  4,  14**  29" 
i  Ec.  D. ;  June  6,  14**  7"  i.  Sh.  E. ;  June  12,  13^  40"  i.  Sh.  L; 
June  13,  12**  II"  iv.  Ec.  E.,  14**  30"  i.  Oc.  E.;  June  19,  14^  32". 
ii  Tr.  E. ;  June  20,  12**  45™  i,  Ec.  D. ;  June  21,  13^40"  i.  Tr.  E. ; 
June24,  i4**24'"iii.0c.E. ;  June  26,  i4^io'°ii.  Tr.L,  i4**3i°*ii.Sh. 
E. ;  June  28,  13**  12™  i.  Tr.  I.,  14^  i6'»  i.  Sh.  E. ;  June  29, 12^  40" 
i.  Oc.  E. ;  June  30,  13*"  39°*  iv.  Oc.  D. 

Saturn  is  a  morning  star  in  Pisces. 

June  I,  E.A.  6^  52"»-j,  Dec.  3^  6'  N.,  tr.  20**  11",  rises  13**  51™ 
June  30,        o   59  '4>  3  45  i^    24  12    i. 

Outer  Bing.  Inner  Ring.  Ball. 

Maj.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Diam. 

June  9 38"-o6        6"-49         25"-3i         4"-32        i5"-2 

29 39"-33        7"'02  26"-i5        4"-67        is"-8 

The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  9°  49'  S.  and  10°  17'  S.  on  June  9  and  29 
respectively,  and  of  the  Sun  7®  18'  S.  and  7°  s^'  S. 

Uranus  is  an  evening  star  approaching  conjunction,  about  10"/. 
and  82'  s.  of  Eegulus.  Editob. 
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OBITUARY  NOTICES  OF  ASTRONOMERS. 

BIOGEAPHIOAL  SKETCHES 

OP 

Sir  W.  HERSCHEL,  Sib  J.  HERSCHEL,  M.  DELAUNAY, 
M.  LE  TERRIER,  &c.  &c. 

BY 

EDWIN    DUNKIN,    P.B.S. 


London :  Williams  and  Norgate,  14  Henrietta  Street,  Covent  Garden. 

SIDEROSTATS,  EQUATOREALS,  t  SPECTROSCOPES, 

OF  THE  BEST  WORKMANSHIP  AND  GUARANTEED  QUAUTY. 


ADAM    HILGER, 

Scientific  Instrument  Maker  to  the  Botal  Observatories  of  Greenwich  and 
Edinburoh,  the  Observatories  of  Melbourne,  Sydney,  Potsdam,  &c.  &c. 

192    TOTTENHAM    COUBT    BOAD,  W. 


ASTRONOMICAL  TELESCOPES. 

CALYER'S  i>26  PORTABLE  EQUATOREAL,  complete  with  powers,  six-inch  spe- 
oulum  of  the  finest  quality,  revolving  hour-circle  with  three  verniers  reading  to 
6*  of  time,  declination  to  4'  of  arc,  fine  screw-motion. 
Photograph,  with  Hints  on  Silvered-Glaas  Reflecting  Telescopes,  9  stamps. 

a.  CALVEB,  F.BJIL.S,,  Hill  House,  Widford,  Chelmsford. 


The  5^inch  Popular  Telescope  from  ^15  15*. 
Several  second-hand  Equatoreals  from  6  ^  14  inches. 


BUTHEBFUBD'S  PHOTOaBAPHS  OF  THE  MOON. 

FIRST  AND  LAST  QUARTERS  AND  FULL. 

Eleven  inches  in  diameter,  in  Portfolio,  with  Beer  and  Madler's  Map.    Price  21s. 


A  BROTHERS,  14  St.  Ann's  Square,  Manchester. 


WANTED.— A  good  second-hand  EQUATOREAL  MOUNTING  for  a  9-inch 
Object-glass.— German  Stylo,  complete.  Address,  with  particulars,  F.  B.  (Box 
913),  Springfield,  Ohio,  U.S.A. 


FOB  SALE.— Smyth's  *  Cycle  of  Celestial  Objects,'  the  two  vols.,  bound,  price  fiilOs. 
Apply  to  Rev,  Si  J.  Jqiinson,  Upton*H©lions,  Orediton* 
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THE   OBSERVATORY, 

A   MONTHLY    EEVIEW    OF  ASTKONOMY. 

No.  26.  JUNE  1.  1879. 

MEETING  OP  THE  BOYAL  ASTEONOMICAL  SOCIETY. 

Eriday,  1879,  ^^7  9« 

LoBD  LiHBSAT,  MJP.,  E.B.S.,  ^.,  President^  in  tlie  Chair. 

Secretaries:  Mr.  J.  W.  L.  Glaisheb,  F.E.8.,  and 
Mr.  A.  CowFER  Baktabd,  M.A. 

Mb.  Glaisheb  reported  that  52  presents  had  been  received  daring 
the  hut  month,  the  only  one  calling  for  special  notice  being  a 
series  of  the  '  Nautical  Almanack '  from  1853  to  1878,  nearly  com- 
plete, presented  by  Mr.  Thomas  Hill,  a  Fellow  of  the  Society. 
Thanks  were  voted  to  the  donors. 

The  President  called  particular  attention  to  a  work  of  M.  Wolf, 
who  sent  to  the  Society  a  paper  on  the  Pleiades,  with  a  very  fine 
map  of  the  duster  containing  600  stars. 

TTie  President,  Before  proceeding  to  the  ordinary  business  of 
the  Society,  I  think  it  may  conduce  to  the  well-being  of  the  Society 
that  I  should  read  the  following  Besolutions  which  Imye  been  passed 
by  the  Council,  having  been  ^en  into  consideration  at  their  last 
Meeting  and  finally  finished  to-day : — 

"  Since  the  publication  of  the  *  Monthly  Notices  *  for  1879, 
January,  the  attention  of  the  Council  has  been  recalled  to  an 
article  headed  'Notes  on  the  late  Admiral  Smyth's  *' Cycle  of 
Celestial  Objects  Ac.,**  by  Herbert  Sadler,  Esq.,'  containing  re- 
marks on  several  of  the  star-measures  given  in  that  catalogue,  and 
also  containing  a  sentence  reflecting  on  the  '  Beference  Catalogue 
of  Multiple  and  Double  Stars,'  forming  Yol.  xl.  of  the  ^  Memoirs.' 

*'  The  Coundl,  feeling  themselves  responsible  for  the  contents  of 
the  Society's  publications,  cannot  but  express  their  r^pret  that 
they  should  have  authorized  the  printing  of  this  article  in  its 
present  form.    While  they  desire  to  uphold^  to  the  utmost,  perfect 
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freedom  in  the  criticism  of  scientific  works,  they  would,  at  the 
same  time,  enforce  a  general  rule  to  exclude  from  the  Society's 
publications  any  imputation  on  the  personal  honour  or  good  faith 
of  the  authors;  and  they  are  sorry  to  observe  in  Mr.  Sadler's 
article  some  remarks  which  are  capable  of  being,  and,  to  the  know- 
ledge of  the  Council,  have  been,  construed  in  a  sense  which 
infringes  this  rule. 

''  Th^  Council  are,  moreorer,  of  opinion  that  Mr.  Sadler  was  not 
justified  in  passing  a  sweeping  condemnation  on  the  *  Eeference 
Catalogue,'  which  is  irrelevant  to  the  rest  of  the  article,  and  is 
entirely  unsupported  by  the  citfition  ot  the  insiiapcef  pn  which  hia 
judgment  was  founded." 

The  Council  resolved  that  these  Eesolutions  should  be  printed 
in  the  next  number  of  the  '  Monthly  Notices,'  and  that  they  should 
be  read  at  the  evening  Meeting  of  the  Society. 

Mr.  Chambers,  It  was  not  without  very  serious  consideration  that 
I  took  upon  myself  the  step  of  giving  notice  of  a  motion  of  censure 
on  the  Council  in  connection  with  the  charges  brought  agunst 
Admiral  Smyth  by  Mr.  Sadler.  I  felt  sure  that  if  the  sense  of 
justice  of  the  Fellows  vexe  appealed  to  they  would  see  that  this 
charge  ought  not  to  have  been  brought  before  the  Society  unless 
some  attempts  were  made  to  substimtmte  it;  and  that  if  no 
attempts  of  that  kind  were  made,  it  seemed  to  me  most  necessary 
that  some  vote  of  censure  should  be  passed  which  would,  of  course, 
fall  in  a  secondary  sense  on  the  Council,  but  first  on  Mr.  Sadler 
for  having  d<»Ei6  as  he  has  done.  (Applause.)  I  was  very  glad  to 
hear  the  announcement  which  has  beieoi  made  from  the  C^dr  on 
behalf  of  the  Council  respecting  this  mattar  within  i^  last  few 
minutes.  It  seems  to  me,  therefore,  that  the  ground  is  cut  away 
from  under  my  feet,  because  the  censure  which  I,  as  a  private 
fellow,  should  have  a&ked  the  Fellows  of  the  Society  at  large  to 
have  passed  has  been  passed  so  fully  and  so  much  more  powerfully 
by  the  Council  that  I  cannot  for  a  moment  doubt  that  when  Mr. 
Siadler  becomes  acquainted  with  the  acticm  of  the  Council  in  this 
Doatter  he  mill  at  once  tender  hie  resignation  o£  his  seat  at  the 
Council.  (Applause.)  That  being  so  we  shall  have  secured  all 
that  we  desired.  We  shall  have  vindicated  the  memory  and  cfaa^ 
racter  of  Admiral  Smyth,  as  well  as  have  relieved  the  minds  of  a 
very  large  number  of  Fellows  of  this  Society.  (Applause.) 

Mr.  Boatyard.  May  I  be  excused  for  intenrapting  ?  The  Coun- 
cil does  not  by  its  resolution  indicate  the  ckiracter  of  Adsiiral 
Smyth :  it  has  passed  a  resolution  with  regard  to  the  character  ol 
the  personiJ  accusation.  It  does  not  say  anything  as  to  the 
personal  question.  I  think  Mr.  CliambeFS  is  unwise  in  attributing 
that  position  to  the  Council. 

Mr.  Clujmb&Ks.  I  feel  bound  to  quote  the  terms  of  the  eensure 
passed  by  Mr.  Sadl^,  on  the  authority  of  Mr.  Bumham,  on  Admiral 
Smyth  :-^-**  It  does  not  ar^ue  well  for  the  state  of  astronomical 
schohkrship  that  sudi  a  ^  stupendous  fr^ud,'  as  one  of  the  first  o^ 
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double-star  observerfl  has  happily  termed  it,  shonld  haTe  remained 
»o  long  undiscovered.''  That  is  a  quotation  from  the  *  English 
Mechanic,'  and  it  backs  up  and  indorses  the  character  of  l^e  accur 
aations  made  in  the  *•  Monthly  Notices.'  Therefore  I  am  sa^fied  to 
consid^  the  censure  passed  by  the  Council  as  virtually  a  censure 
passed  on  Mr.  Sadler  for  having  done  a  wrong  thing,  at  the  wrong 
time  and  in  the  wrong  way.  Under  these  circumstances  I  do  nci 
desire  to  proceed  witti  the  motion  of  which  I  have  given  notice,  be- 
cause I  feel  that  Admiral  Smyth's  memory,  and  the  justice,  honour, 
and  int^rity  of  this  Society,  have  been  sufficiently  vindicated  by  the 
action  of  the  Council.  If  Mr.  Sadler  feels  that,  after  the  resdu- 
tion  which  has  been  passed  by  the  Council,  it  is  not  incumbent 
on  him  to  tender  his  resignation  as  a  member  of  the  Council,  all  I 
can  say  is,  that  I,  for  one,  should  have  great  difficulty  in  com- 
prehending the  character  of  Mr.  Sadler. 

Th€  Astronomer  Boyal.  I  rise  at  the  present  moment  to  express 
the  extreme  satisfaction  with  which  I  have  heard  the  resolution  of 
the  Council.  It  is  well  known  to  you  ihat  I  have  felt  very  deeply 
on  this  subject.  On  the  one  hand,  that  the  state  in  which  things 
were  left  by  the  publication  in  the  '  Monthly  Notices '  of  January, 
without  any  ^ing  fc^owing  it,  was  very  dishonourable  to  the 
Society.  (Hear,  hear  I)  And  at  the  same  time  I  very  painfully 
fdt  the  effort  which  would  be  necessary  to  make  any  correction  in 
it.  I  am  happy  to  say  that  that  correction  is  made  entirely  to  my 
satisfaction,  taid  I  am  relieved  of  a  labour  which  I  cannot  express 
to  you.  In  this,  I  beg  to  say,  I  take  no  part  in  the  controversy 
widi  Mr.  Sadler.  That  was  no  part  of  my  business.  My  business 
was  with  the  position  in  which  I,  as  a  responsible  Member  of  tiie 
Council,  felt  that  the  Council  and  the  Society  were  placed  by  the 
pubbcataon  of  this  paper.  TJpcm  investigation  I  am  satisfied  that 
there  was  a  degree  of  inadvertence,  and  not  of  mtention,  in  the 
publicaticm ;  and  all  that  I  desired  was  an  avowal  by  the  Council 
that  that  was  the  state  of  things,  and  that  when  they  came  to 
look  at  the  real  meamng  of  the  paper  they  would  disavow  it ;  that 
they  would  stand  in  the  manly  position  of  saying: — "We  have  done 
wrong  to  the  public,  and  we  will  set  ourselves  right  with  the 
public."  (Hear,  hear  I)  I  believe  that  that  is  done  effectually  by  the 
resolution  which  your  Lordship  has  just  read  as  passed  by  the 
Council  at  tiieir  late  Meetirg.  And,  if  I  may  make  a  slight  atone- 
ment on  my  own  part,  I  did  take  the  step  of  saying  that  I  could 
not  remain  longer  a  Member  of  Council  if  the  former  state  of 
things  was  continued.  I  trust  that  the  Council  will  allow  me  to 
recall  that  now.  I  still  am  prepared  to  act  in  perfect  confidence 
wit^  the  Council.  The  inadvertency  has  arisen  from  a  bad  prac- 
tice in  the  transaction  of  some  of  the  Council-matters  which  has 
been  growing  up  for  years.  In  the  da^s  of  old,  when  I  vras  a 
more  active  Member  of  the  Council  than  I  have  been  for  some 
time  past,  the  process  with  regard  to  papers  communicated  to  the 
Society  was  uniformly  this — ^thftt  they  were  referred  to  referees, 
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and  those  referees  gave  their  opinions  deliberately  in  writing  upon 
the  merits  of  the  paper.  (Hear,  hear !)  And  in  yerification  of  this 
I  cited  to  the  President  of  the  Society  thirty-seven  instances  in 
which  I  had  given  opinions  in  writing  upon  such  references.  It 
seems  that  this  system  has  broken  down  in  the  lapse  of  time,  and 
that  references  have  been  made  in  a  very  loose  way  indeed ;  and 
it  seems,  so  far  as  I  can  ascertain,  without  asserting  it  as  a  fact, 
that  in  the  particular  instance  which  has  occasicmed  this  unhappy 
discordance  in  the  Society,  the  paper  in  question  was  never  sent  at 
all  to  the  first  of  the  referees,  but  only  to  the  second  at  a  moment's 
'  notice,  saying,  "  Here  it  is  r  look  over  it  for  five  minutes,  and 
then  sign  it."  I  beUeve  that  if  the  system  to  which  I  have  alluded 
had  been  kept  up  there  would  have  been  no  difficulty  in  this 
matter.  I  am  fully  persuaded  that  due  form  of  that  kind  will  be 
maintained  in  the  future.  (Hear,  hear !)  But  be  that  as  it  may,  I  am 
entirely  satisfied  with  the  explanation  which  has  been  given  by  the 
President  on  the  part  of  the  Council,  and  I  express  mysc^  as 
extremely  happy  that  things  have  come  to  this  pass.     (Hear,  hear  I) 

Mr,  Barrow,  As  Mr.  Chambers  in  his  notice  hinted  at  a 
censure  upon  the  Council,  I  wish  simply  to  make  one  remark.  I 
am  quite  sure,  if  he  had  known  what  had  taken  place,  nothing  like 
a  censure  of  the  Council  could  have  entered  into  his  mind.  The 
reason  why  no  notice  has  been  taken  of  this  matter  until  to-day 
was  simply  this,  that  the  Council,  regarding  it  as  an  important 
point,  approached  the  consideration  of  it  a  month  ago ;  but  they 
were  so  anxious  to  arrive  at  a  proper  conclusion,  and  to  do  fair 
and  proper  justice,  that  they  found  that  their  deliberations  could 
not  be  closed  on  that  day,  and  it  was  necessary  to  adjourn  it  until 
to-day ;  and  it  was  on  that  ground  alone  that  the  Council  might 
have  seemed  to  Mr.  Chambers  as  though  they  were  taking  no 
action  in  the  matter.  I  think  it  is  due  to  the  body  of  which  I 
have  the  honoiur  to  be  a  member  that  that  explanation  should  be 
made. 

Mr,  Brett,  Maj  I  ask  why  the  paper  was  not  referred  to  the 
referees  ?  (Hear,  hear  I) 

Mr,  Ranyard,  The  paper  was  referred  to  two  gentlemen,  one 
of  whom  was  not  present  at  the  time.  The  other  was  present,  and 
it  was  examined  by  him  during  the  Meeting,  and  reported  upon 
in  a  perfectly  formal  manner ;  but,  of  course,  all  the  notes  in  the 
paper  were  not  read  to  the  Council. 

Mr,  Brett.    Who  was  he,  Sir  ? 

Mr,  Ranyard,  I  am  not  free  to  be  cross-examined  in  the 
matter. 

The  President,  I  must  remind  the  Fellows  that  all  the  remains 
of  the  referees  are  strictly  confidential.  If  that  were  not  the  case 
it  would  be  impossible  to  get  any  opinion  from  any  one  of  them. 

Mr,  Proctor,  I  happen  to  know  Mr.  Bumham,  and  I  feel  sure  that 
in  using  the  words  "  stupendous  fraud  "  he  did  not  intend  to  imply 
that  Admiral  Smyth  was  guilty  of  personal  fraud.    There  is  a  use  oS. 
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tbe  word  "  fraud  "  in  America  which  is  quite  distinct  from  any  use 
to  which  we  apply  the  word  here.  (Oh  I  oh  I)  It  is  so,  I  assure 
you.  An  English  lecturer  was  giving  a  course  of  six  lectures,  and 
a  friend  of  mine,  who  had  gone  to  attend  these  lectures  expecting 
a  display  of  optical  experiments,  was  disappointed  to  find  that, 
although  the  lectures  were  admirable,  they  required  a  certain 
amount  of  thought ;  and  he  said  to  me,  "  They  were  a  perfect 
fraud."  I  said,  "  Surely  you  do  not  intend  to  reflect  upon  Prof. 
So-and-So  that  he  was  fraudulent,  that  he  came  here  with  an 
unfair  purpose?"  "No,"  he  said;  "I  do  not  mean  that  at  all, 
only  I  was  terribly  disappointed.'*  That  is  what  an  American 
often  means  by  the  expression  in  question.  Mr.  Bumham  is  a 
man  of  extreme  modesty ;  but  he  thoroughly  understands  work  on 
double  stars.  Prof.  Newcomb  told  me  he  considers  him  one  of 
the  first  double-star  observers.  Those  who  know  him  will  not 
believe  that  he  would  attribute  to  Admiral  Smyth  personal  fraud, 
only  that  his  book  was  full  of  mistakes.  He  spoke  with  much 
energy  upon  that  particular  point.  The  book  is  very  costly  in 
America ;  it  had  cost  bim  about  £*]  or  £8 ;  and  he  was  thoroughly 
disappointed  in  it.  In  using  the  word  "fraud"  he  probably 
meant  that  he  had  obtained  the  book  with  a  special  purpose  and 
was  thoroughly  disappointed ;  and  I  believe  it  would  pain  him  if 
it  were  thought  that  he  had  reflected  on  the  honour  of  a  man 
like  Admiral  Smyth,  whose  book  we  so  much  admire. 

Mr.  Chambers.  I  cannot  bring  myself  to  believe  that  Mr.  Bum- 
ham  used  the  word  in  any  other  than  the  English  sense,  and  I 
cannot  for  one  moment  believe  that  Mr.  Sadler  used  it  in  any 
other  than  tbe  plain  straightforward  meaning  of  the  word. 

Prof.  Pritchard,  Did  Mr.  Sadler  adopt  the  American  meaning 
of  the  word  fraud  ? 

Mr,  Proctor,  On  that  point  I  am  not  able  to  express  an  opinion, 
I  was  speaking  of  Mr.  Bumham,  and  not  of  Mr.  Sadler. 

The  Astronomer  Boyal,  We  were  not  discussing  the  character 
of  Mr.  Bumham. 

Mr,  Proctor,  But  his  character  seemed  to  me  to  be  indirectly 
involved  in  the  discussion ;  and  as  he  is  absent,  I  thought  it  right 
to  give  what  I  believe  to  be  the  true  explanation  of  his  remark. 

Mr,  Rcmyard,  I  think  the  Meeting  is  rather  misled  by  its  feel- 
ings. Of  course  we  have  no  right  to  prevent  Mr.  Sadler  making  a 
charge  of  fraud;  it  is  a  right  which  every  scientific  critic  has. 
(Oh,  oh !)  I  do  not  think  it  is  proper  to  try  and  silence  any  speech 
by  such  cries.  The  Society  would,  I  am  sure,  wish,  by  this  dis- 
cossion,  to  arrive  at  a  higher  sense  of  what  is  true  and  fair  criti- 
c'sm ;  and  I  hope  that  in  future  personalities  may  be  more  stu- 
diously avoided  after  the  strong  feeling  that  has  been  shown. 
But  I  cannot  feel  that  it  would  be  a  good  result  if,  in  future, 
charges  of  fraud  were  never  allowed  to  be  made.  (Hear,  hear  I) 
I  believe  everybody  here  will  agree  with  me  that  there  have  been 
times  when  such  charges  have  been  of  advantage  to  science;  for 
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iastance,  the  obeervstions  ef  Eather  Hell  and  a  remarkable  paper 
of  Mr.  Hind,  and  the  celebrated  Chasles  discussion^  and  many  other 
oases  in  which  such  charges  have  really  brought  out  very  Taluable 
results ;  and  it  would  not  be  to  the  advantage  of  this  Society  if 
any  expression  of  the  opinion  of  the  Meeting  was  given  which 
tended  to  suppress  such  charges  entirely  in  the  future.  It  really 
depends  upon  the  manner  in  which  such  charges  are  made,  and 
whether  they  are  made  in  improper  and  unparliamentary  language* 

Mr,  Taylor,  I  think  the  complaint  has  been,  not  that  the 
charges  of  fraud  have  been  made,  but  that  they  have  not  been  in 
any  way  substantiated. 

Th^  Axtrotiomer  Royal,  I  entirely  agree  that  the  examination  of 
scientific  papers  ought  to  be  perfectly  free ;  but  there  is  a  very 
great  difference  indeed  between  that  and  bringing  forward  accu- 
sations of  adoption  without  acknowledgment,  and,  above  all,  putting 
in  an  accusation  which  is  irrelevant  to  the  question  and  unsup- 
ported by  evidence.  I  may  say,  my  Lord,  that  if  we  had  sanc- 
tioned, or  if  we  had  not  absolutely  repudiated,  such  a  system  as 
that,  we  should  have  put  ourselves  in  the  position  of  some  of  those 
current  papers  in  the  metropolis  which  may  properly  be  called 
^  scientific  sewers,"  which  are  willing  to  receive  any  amount  of 
foulness  for  ilieir  own  articles,  and  to  distribute  it  as  extensively 
as  possible.  It  was  purely  that  feeling  which  urged  me  so  strongly 
in  acting  as  I  have  done  in  this  matter.  I  hope  that  no  further 
question  will  be  raised. 

Mr,  Freeman,  I  consider  that  the  action  of  the  Council  should 
be  deemed  quite  satisfactory  to  the  Society.  Mr«  Sadler,  as  a 
young  man,  has  expressed  himself  perfectly  freely.  The  fiends 
of  Admiral  Smyth  know  what  he  was ;  but  at  the  same  time  we 
must  limit  this  discussion  to  the  paper  as  published  in  the  January 
number  of  the  '  Monthly  Notices.'  We  are  not  concerned  with 
what  is  printed  outside  the  publications  of  the  Society. 

Mr,  Taknage,  Might  I  for  one  moment  say,  as  I  think  I 
brought  the  matter  originally  before  the  Meeting  of  the  Society, 
that  those  friends  and  relations  of  Admiral  Smyth  with  whom  I 
have  been  in  correspondence  feel  most  perfectly  satisfied  with  the 
action  of  the  Cbundl,  and  thev  hope  that  the  matter  will  now 
drop,  and  that  in  future  we  shall  be  better  behaved. 

Mr,  Neison.  It  will  be  in  the  recollection  of  the  Society  that 
at  the  March  Meeting  I  took  a  view  which  was  rather  opposed  to 
the  general  feeling  c^  the  Pellows  then  assembled.  I  have  no 
intention  to  say  any  thing  further  upon  that  matter ;  but  I  think  it 
is  only  right  that  it  should  be  understood  that  it  is  only  considera-i^ 
tions  connected  with  the  prosperity  of  the  St)ciety  which  keep  me 
silent.  Further,  I  think  it  should  be  known  that  the  resolutiona 
of  the  Council  were  not  carried  without  depriving  that  body  of  aft 
l^east  one  of  its  member^ 

Prof,  Pritchard,  I  have  to  read  a  few  notes  on  Sir  John  Her* 
schel's  first  catalogue.    Those  astronomers  who  are  seriously  en- 
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gaged  or  otherwise  inteteated  in  the  compatatian  of  the  orHta  oi 
douUe  ttara,  ot  are  engaged  in  fumishmg  datti  for  each  investiga^ 
tiona,  are  informed,  and  are  requested  to  bear  in  mind,  that  Sir 
John  Herschel's  references  to  the  catalogues  of  the  two  Struyes 
applj  solelj  to  the  catalogoes  as  originaliy  published  bj  those  most 
eminent  astronomers,  and  are  independent  of  the  oorrections  which 
thej  subsequently  found  it  neoessarj'  to  make  to  their  original 
printed  obsenrations.  To  working  astronomers  it  maj  perhaps  be 
nnneoessarj  to  add  that  they  will  find  the  corrigenda  on  consuHa^ 
tion  of  the  ^  Positiones  Medi»/  page  92,  and  in  the  Catalogue  of  the 
Pulkowa  Observations,  yoL  i*  1853. 

The  Hersdiel  Catalogue  in  question,  forming  vol.  xl.  of  the  So^ 
eiet3r's  Memoirs^  is,  strictly  sp^^dng,  only  a  Befirence  Catalogue ;  it 
rdEers  chiefly  to  his  own  works,  and  to  the  works  of  the  two  8truves| 
and  now  that  attention  is  called  to  the  books  and  places  in  which 
these  eminent  astronomers  giro  the  corrections  to  Idieir  original 
woi^  as  cited  by  Sir  John,  no  doubt  or  difficulty  will  exist  in  the 
minds  of  astronomers  seriously  engaged  in  double-star  investiga^ 
tions.  The  corrections  are  accessible  to  any  one  who  possessed 
tiie  books ;  and  no  one  can  work  at  double-stars  efiPectuuly  with<M 
out  those  books.  And  b#re  let  me  make  this  observation:-^^ 
This  catalogue  of  8ir  John  Herschel  was  placed  on  the  Council 
table  mont^  after  month ;  and  if  there  had  been  any  doubt  as  to 
eitiier  the  aoeuracy  or  the  utility,  the  proof-«heets  were  on  the 
table,  and  eveir  Member  of  Council  luld  an  opportunity  of  seeing 
them )  Imd  if  he  had  any  thing  to  ob}ect,  then  was  the  time,  as  I 
apprriiend,  to  object,  and  not  afterwanls. 

Mi"^  Bcmyard.  What  Was  the  reason  f  01^  not  making  the  c(»rreo-< 
iions,  sUch  a*  mi^rints  and  otiier  matters  that  Struve  had  himself 
pointed  out  before  ? 

Prof*  Prkehardt  If  you  possess  the  bode,  and  will  look,  you 
will  undoubtedly  find  it  out  yourself.  Sir  John  Herschel  was  an 
original  inYestagator,  and  I  suspect  he  did  not  so  much  care  for 
book  leiiming^  He  took  the  '  Positiones  Medisd,'  and  he  wrote 
them  dowli4  He  is  now  gone^  Practically  I  had  no  more  to  do 
with  the  correction  of  that  catalogue  than  the  man  in  the  moon^ 
It  was  done  at  the  BadeliSe  Observatory ;  assuredly  I  am  respon- 
sible for  it,  but  it  was  not  done  by  me.  It  has,  however,  been 
done  mikgnifleeiitly  well ;  f^d  I  dcdEy  any  man  who  is  an  astro- 
nomer to  come  jforward  to  prove.that  it  has  not  been  most  care«' 
fully  edited.  In  such  a  book  as  the  '  Positiones  Medtse'  Sir  Jolm 
Hersdiel  would  expect  to  find  the  corrigenda  at  the  evid  oi  the! 
book  or  at  the  beginning,  Wdnld  any  person  expect  in  the  very 
1b^  of  a  big  book  to  find  notoe  oriiicas^  and  amongst  these  notes  oriticm 
to  find  that  there  were  certain  corrections  to  be  made  to  the  eatalogde 
itself, asis  the  case  here?  Those oorreotiolis  would  only  be  found 
out  by  a  person  who  read  the  book  from  beginning  to  end.  They 
are  really  of  very  little  importance  as  compared  with  any  other 
catalogue  that  I  Jmow  >  tod  I  hlive  bad  some  ezpeiienee  of  cata- 
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logues.  I  am  sure  tbat  no  Greenwich  astronomer  would  tell  you 
that  Sir  John  Herschel's  catalogue  is  worse  than  the  average,  or, 
indeed,  that  it  is  not  better  than  the  average  of  catalogues.  How- 
ever, I  have  explained  the  cause  of  Sir  John  Herschel's  errors. 
They  are  not  the  errors  of  Sir  John  Herschel ;  they  are  the  errors 
of  the  two  Struves.  Every  mortal  astronomer  that  ever  lived 
must  make  some  errors.  The  mistake  that  has  been  made  is  in 
supposing  that  any  long  catalogue  of  10,000  stars  can  go  forth  to 
the  world  without  there  being  a  number  of  corrigenda  connected 
with  it.    It  would  be  superhuman.    The  thing  never  was  done. 

Mr.  Banyard,  Am  I  right  in  supposing  that  in  editing  that 
catalogue  you  did  not  refer  to  the  corrections  of  Struve's  catidogue, 
which  were  published  along  time  before  your  catalogue  was  pub- 
lished? 

Prof.  Pritchard,  I  was  told  that  there  were  some  trifling  errors 
originally  made  in  this  catalogue,  but  they  did  not  amount  even  to 
one  per  cent.  It  is  therefore  idle  for  the  Society  to  discuss  a  thing 
of  this  sort ;  and  I  would  not  now  bring  it  forward  if  it  had  not 
been  for  the  innuendoes  that  have  been  going  forth.  I  know  the 
sources  from  which  they  have  come.  The  Astronomer  Boyal  has 
expressed  exactly  the  right  word,  which  I  will  not  repeat.  That  is 
the  source  of  all  this  trouble.  I  may  say,  in  answer  to  Mr.  Banyard's 
question,  that  there  was,  as  it  turns  out  now,  a  missing  book,  in 
which  Otto  Struve  had  corrected  the  errors  that  he  himself  had 
made.  We  could  not  find  that  book.  It  was  my  dear  and  re- 
spected old  friend  Main,  who  was  in  possession,  we  believed,  of  the 
best  astronomical  library  in  this  country,  who  felt  that  there  was  a 
missing  link — some  book  that  could  not  be  found  in  the  Baddiffe 
library.  I  took  upon  myself  to  write  to  Struve,  and  ask  him  for 
the  book,  if  there  was  such  a  book ;  and  he  wrote  back  to  me, 
stating  tiiat  that  book  was  in  the  Bodleian  Library;  but  upon 
going  to  the  Bodleian  it  was  not  there.  Since  then  we  have  found 
Sie  book  in  Sir  J.  Herschers  own  library ;  and  any  one  who  will  refer 
to  it  will  be  able  at  once  to  make  the  full  corrections  which  Otto 
Struve  himself  found  it  necessary  to  give.  Hence  all  this  turmoil 
has  been  about  nothing  at  all. 

Mr.  Banyard,  Did  you  refer  to  our  library  for  the  book  ?  We 
had  it. 

Prof  Pritchard.  Yes,  I  know  you  have  got  it  now,  and  that  is 
how  I  found  out  the  source  of  the  error ;  and  any  one  seriously 
engaged  in  the  matter  could  have  corrected  it,  if  he  had  had  the 
book. 

Mr.  Banyard.    The  editor  first  of  all. 

Prof.  Pritchard.  When  you  have  10,000  stars  to  look  out  ? 
But  we  did  not  undertake  to  do  any  thing  of  the  sort,  but  merely 
to  reproduce  what  Sir  John  Herschel  had  produced.  We  took  for 
granted — at  least  I  did— that  he  was  accurate. 

Mr.  Banyard.    The  printer  could  have  done  that. 

Mr,  Brett.    I  think  we  have  had  enough  of  this. 
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Pr((f.  Pritehard.  I  only  say  thikfc  the  accuracy  of  the  catalogue 
is  far  beyond  the  accuracy  of  catalogues  in  general ;  and  its  utiUty 
is,  to  my  mind,,  quite  equal  to  the  utiHty  of  star  catalogues  in 
general 

The  Astronomer  Eoyal.  I  think  we  are  all  gratified  with  the  per- 
fectly sufficient  expluiation  which  Professor  Fntchard  has  given, 
but  I  hope  it  will  be  put  in  writing. 

The  FresidefU,  I  wish  to  say,  with  regard  to  the  errata  alluded  to 
by  Prof.  Pritchard,  that  it  is  a  matter  of  great  difficulty  to  get  hold  of 
a  copy  of  Struve's  corrected  work.  I  thought  I  was  fairly  intimate 
with  the  writings  of  Struve,  and  of  most  places  where  his  works 
appeared ;  but  when  I  published  the  first  volume  of  the  Dun-Echt 
publications,  which  is  a  risumi  of  Struve's  great  work  on  double 
stars,  1  had  not  the  slightest  idea  of  the  existence  of  those  correc- 
tions, and  consequently  they  did  not  appear.  But  at  the  same  time 
1  must  say  that  in  all  the  criticism  which  I  have  seen,  I  have  not 
been  abused  for  not  having  found  those  errata.  They  will  appear 
in  a  future  volume. 

.  Mr.  Knoheh  With  regard  to  the  book  referred  to  by  Prof. 
Pritchard,  Mr.  Banyard  thinks  that  we  have  it  in  the  library.  So 
we  have ;  but  I  think  1  found  that  book  stowed  away  in  the  top 
gallery  some  three  or  four  years  ago,  tied  up  with  some  other  papers, 
where  it  must  have  been  lost  sight  of. 

Mr,  Christie  read  a  paper  on  the  spectrum  of  Brorsen's  Comet 
observed  at  the  Boyal  Observatory,  Greenwich.  He  remarked  that 
a  special  interest  attached  to  the  spectrum  of  this  periodical  comet, 
as  l)r.  Huggins,  in  i868,  found  that  it  was  different  from  that  of 
other  comets.  Mr.  Maunder  and  he  had  compared  the  positions 
of  the  three  bands  in  the  comet's  spectrum  with  three  bands  given 
by  a  vacuum-tube  containing  vapour  of  alcohol,  which,  according  to 
l5r.  Marshall  Watts,  gives  the  second  spectrum  of  carbon.  Using 
the  "half-prism"  spectroscope  with  a  dispersion  equivalent  to  four 
prisms  of  60*^,  the  agreement  of  the  two  spectra  was  sensibly  perfect. 
According  to  these  observations,  the  comef  s  spectrum  would  be 
identical  with  the  second  spectrum  of  carbon,  and  a  similar  result 
bad  been  found  in  the  case  of  Coggia's  comet  of  1874.  But  Prof. 
Young  had  found  that  the  spectrum  of  Brorsen's  comet  this  year 
agreed  with  the  spectrum  of  me  blue  base  of  a  flame  or  first  spedanun 
of  carbon ;  and  the  interesting  point  arose  as  to  which  of  these  two 
spectra  of  carbon  represented  the  cometary  spectrum. 

Mr.  Christie  explained  on  the  black-board  the  difference  in  the 
positions  of  the  bands  of  the  two  spectra  of  carbon,  and  pointed  out 
the  extent  io  which,  in  the  Greenwich  observations,  the  width  of 
the  slit  might  have  affected  the  question  of  coincidence  between  the 
comet  and  the  comparison  spectrum.  He  gave  reasons  for  conclu- 
ding that  the  uncertainty  in  the  comparison  of  the  principal  band 
could  not  amount  to  10  tenth-metres,  or  less  than  one  third  of  the 
distance  between  the  corresponding  bands  in  the  two  spectra  of 
carbon;  and  therefore  came  to  the  conclusion  that  the  cometary 
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flpectram  w^ts  probablj  the  deoond  spectrum  of  carlxni,  and  not  the 
first  or  flame-spectram. 

The  President.  The  reason  that  I  asked  Mr.  Christie  if  he  eould 
give  the  wave-lengths  was  because  I  have  just  received  a  note  from 
Dr.  Gopeland  on  this  very  subject  of  Brorsen's  comet,  giving  the 
result  of  his  observations  at  Dun  Echt. 

The  chief  matter  of  interest  is  that,  in  that  which  seems  to  be  th^ 
best  defined  line,  the  central  one,  Dr.  Copeland'e  measures  give 
for  the  wave-length  5150  as  against  Mr.  Christie^s  5190. 

Mr,  Ohri$tie.  I  do  not  think  there  could  be  so  much  uncertainty 
in  our  measures.  I  estimated  the  uneertaintj  at  the  time  as  a  small 
fraction  of  the  Inreadth  of  the  occulting  bar,  which  is  30  tenth* 
metres. 

The  I\'e8iderU.  I  do  not  wish  to  claim  for  these  measures  any 
extnunrdinarj  accuracy,  for  this  reason,  that  the  instrument  which 
we  are  using  at  present  is  of  rather  weak  construction,  and  we  haVd 
been  obliged  to  solder  certain  tin  plates  on  the  base  of  it. 

Dr,  Schuster,  As  the  spectrum  of  carbon  has  been  mentioned, 
and  some  misunderstanding  seems  to  exist  with  regard  to  this,  per- 
haps I  may  be  allowed  to  make  a  few  remarks.  Mr*  Christie  has 
mentioned  the  spectra  of  various  orders  of  carbon ;  but  I  think  hsr 
has  used  the  terms  spectra  of  the  first  and  second  orde^  in  a  dif!^ 
rent  sense  from  that  in  which  they  are  generally  understood*.  There 
exists  a  spectrum  of  carbon  of  the  first  order  no  doubt,  but  I  do  not 
think  Mr.  Christie  has  seen  it.  At  least  it  does  not  appear  in  tliese 
drawings,  and  it  is  got  with  some  difficuliT*.  There  are  two  other 
spectra  he  mentions;  one  of  them  which  you  s^e  at  the  base* 
of  any  blue  fiame  of  a  hydrocarbon.  I  do  not  enter  into  the  qnes^ 
tion  whether  that  is  the  spectrum  of  any  hydrocarbon  or  of  carbon 
vapour ;  but  the  bands  are  made  up  of  single  lines.  Then  there  is 
another  with  bands  near  those,  which  he  (^Jk  the  spectrum  of  aa 
alcohol  vacuum-tube.  It  is  the  spectrum  of  cfsrbonic  oxide#  The 
bands  are  slightly  displaced.  There  is  another  spectrum,  that  of 
carbonic  add,  which  is  slightly  different  again ;  but  in  the  spectrum 
of  carbonic  acid  I  do  not  know  whether  ^  green  and  yellow  band* 
are  altered  at  all ;  the  red  and  the  blue  bands  are  altered,  I  know. 
The  carbonic  oxide  bands  are  sharply  defined  at  due  edge,  and 
gradually  fade  away  on  the  blue  side.  In  what  I  believe  to  be  the 
tme  carbon  spectrum  the  green  band  really  breaks  up  into  two 
strong  lines;  and  when  the  light  is  weak,  wi&  an  ordinary  Bunsen 
burner  I  do  not  think  you  would  be  able  to  see  more  ^an  two  lines. 

With  regard  to  the  cometary  bond  in  the  yellow,  there  are,  ia 

*  [This  is  the  eense  in  which  Dr.  Marshall  Watts,  in  his  index  of  spectra  and 
in  a  recent  letter  to  '  Nature '  on  the  spectram  of  Brorsen's  comet,  uses  the 
terms.  M.  Thal6n  objects  to  the  phraseology  altogether,  and  considers  that 
hi  any  ease  the  line-speelrum  OHght  to  be  called  the  £wt  sptetrum,  and  not  the 
third,  M  Pr.  Watts  and  others  have  done.  We  do  not  here  wiflh  to  express  any 
opinion  on  the  question  whether  the  spectra  are  due  to  compounds  of  carbon 
differing  in  their  chemical  composition  or  in  their  molecular  condition  as  affected 
by  difference  of  temperature.— JBd.] 
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addition  to  the  bonds  in  the  two  spectn  of  carbon,  quite  a  nmnb^ 
of  lines  or  bands  which  &11  in  that  part  of  the  spectrum,  and  which 
cannot  with  oertaintj  be  distinguished  from  each  other  when  a 
wide  slit  is  used  with  small  dispersion.  If  jou  take  an  oxygen 
Tacuum-tube  and  observe  the  spectrum  of  the  negative  pole,  jou 
will  see  a  band  sharp  not  only  at  one  edge,  but  at  both  ends.  It 
is  not  at  all  difficult,  wit^  large  dispersive  pow^,  to  draw  the 
difference  between  those  two.  One  is  slightly  more  refrangible 
than  the  other.  Then  we  have  got  the  aurora  line,  and  we  have 
got  a  line  which  has  puauded  me  very  much,  which  appears  some- 
times in  the  oxygen  tube,  which  at  first  I  thought  was  coincident 
with  the  aiurora  line,  but  I  now  think  the  aurora  line  is  slightly 
less  refrangible.  The  spectrum  with  which  Mr.  Christie  thinks 
the  eomet-spectrum  is  coincident  seems  to  be  the  carbonic-^xide 
spectrum,  and  not  the  spectrum  of  the  blue  flame,  which  I  believe 
to  be  due  to  pure  carbon  vi^ur,  but  whidi  some  people  believe  to 
be  due  to  hydrocarbon. 

C(^t  Noble.  1  should  like  to  repeat  a  questicm  which  I  have  often 
put  of  late  years,  whether  it  would  not  l^  within  the  resources  of 
seienoe  to  issue  an  ephemeris  of  such  an  object  as  Brcvsen's  comet 
upon  a  postcard.  In  Mr.  Garrington's  time  we  used  to  have  little 
postcards  with  ephemendes  on  th^,  but  we  never  get  them  now. 

The  President.  I  have  had  this  matter  under  consideration  for 
some  little  time  past,  and  I  hope  before  the  autumn  to  have  s<mie 
scheme  ready  to  pkce  before  the  Society. 

Mr.  Banyard  read  two  papers  on  Brors^i's  G(xuet  from  Mr. 
T^)butt  and  Mr.  H.  C.  Kussell  respectively. 

Mr.  Neisan  read  a  paper  on  the  '*  Determination  of  Idie  Solar 
ParaUax  from  the  parallactic  inequalities  in  the  motion  of  the 
Moon,  and  on  the  Correction  to  Hansen's  coefficient  of  the  Annual 
Bquation."  It  contains  the  result  of  the  reduction  of  1464  obsei^ 
vations  with  the  Greenwich  Transit-Cirde  between  1862  and  18764 
made  with  the  view  of  determining  the  coarrection  to  Hansen^s 
ooeffidents  of  the  annual  equation,  the  mean  longitude  and  the 
terms  depending  on  the  distance  and  twiee  the  distance  of  the  Sun 
from  the  perigee  of  the  lunar  ochii.  Mr.  Neison  pointed  out  that 
the  parallactic  term,  depending  on  the  distance  of  the  Sun  from  the 
perigee  of  the  lunar  orbit,  was  well  adapted  for  determining  tiie 
solar  parallax,  being  free  from  the  liability  to  systematic  error 
which  so  seriously  interferes  with  the  use  (k  the  parallactic  ine-* 
qnali^.  The  sokur  parallax  determined  in  this  manner  cemes  out> 
too  great,  viz.  ^"'i^  a  discordanoe  which  Mr.  Neison  hopes  to  be 
able  to  trace  to  its  source.  The  results  obtained  in  the  paper 
show  that  Hansen's  coefficient  of  the  annual  equation  requires  to 
be  sensibly  increased. 

Mr.  Inwards  produced  and  explained  a  model  oi  an  observing-chair^ 
which,  as  he  stated,  presented  a  series  of  more  or  less  comfortable 
angles,  and  was  under  the  control  of  the  person  sitting  in  it. 

Mr.  Common  thought  that  the  chair  ought  to  be  balanced  on  the 
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centre  of  gravity  so  as  not  to  involve  the  lifting  of  the  body  when 
it  was  required  to  give  the  necessary  inclination  to  the  head.  If 
the  fulcrum  on  which  the  chair  rested  was  immediately  under  the 
part  where  the  back  joined  the  seat  there  would  be  no  necessity 
for  moving  or  raising  the  body  every  time  the  head  was  moved. 

The  President.  No  doubt  it  would  be  most  convenient  to  have 
the  motion  of  the  chair  about  the  position  of  the  eyepiece  so  as  to 
keep  the  eyes  pretty  nearly  steady  while  the  body  moves  up  or 
down  as  the  case  may  be.  The  head  would  remain  in  a  constant 
position  with  respect  to  the  telescope  while  the  body  was  in  com- 
fort. It  would  be  a  very  comfortable  way  of  doing  it,  no  doubt, 
to  make  the  head  the  centre  of  gravity. 

Mr,  Freeman,  As  the  convenience  of  the  observer  entirely  de- 
pends upon  how  the  chair  works  practically  and  the  arrangements 
for  raising  it,  and  as  Mr.  Inwards  does  not  mean  to  take  out  a 
patent  for  the  mechanism,  he  would  confer  a  benefit  upon  the 
Society  if  he  would  furnish  working  drawings  for  constructing  it. 

Ca^pt,  Noble,  It  seems  to  me  that  the  chief  objection  is  that  you 
cannot  get  your  eye  higher  than  if  sitting  in  an  ordinary  chair ;  and 
with  a  telescope  of  any  considerable  length,  unless  the  star  is 
pretty  high  up,  say  near  the  zenith,  the  chair  would  be  of  no  use 
at  all,  certainly  not  if  the  star  were  near  the  horizon. 

The  President.  I  imagine  that  when  a  star  is  near  the  horizon 
it  would  be  advisable  to  sit  on  an  ordinary  stool,  and  not  to  trust 
to  the  telescopic  chair. 

Mr,  Inwards  replied  to  the  criticism  of  Mr.  Common  on  the  con- 
struction of  the  chair,  explaining  its  action  by  the  working  model 
which  he  exhibited. 

Mr.  Brett.  1  ask  leave  to  call  the  attention  of  the  Fellows  to 
the  position  of  the  planet  Venus  at  the  present  time,  which  is  par- 
ticularly favourable  for  observations  of  specular  reflection.  Most 
people  can  see  it  without  any  aid,  and  for  those  who  cannot  the 
dark  wedge  will  be  found  to  demonstrate  it  very  satisfactorily. 

The  President.  As  to  what  has  fallen  from  Mr.  Brett,  I  am  sure 
the  gentlemen  of  the  Society  who  listen  to  him  are  only  too  anxious 
to  be  convinced  by  him.  I  wish  I  could  get  away  from  London  in 
order  to  have  an  opportunity  of  looking  through  Mr.  Brett's  tele- 
scope. 

Mr,  Knohel.  I  should  like  to  draw  Mr.  Brett's  attention  to  the 
report  of  the  United  States  observations.  There  he  will  see  that 
their  series  of  observations  of  Venus  were  made  with  a  26-in. 
equatoreal ;  and  they  make  no  mention  at  all  of  what  Mr.  Brett 
professes  to  have  seen  with  a  small  telescope. 

Mr.  Brett.  People  have  looked  at  Venus  for  the  last  eighteen 
hundred  years  and  have  not  seen  the  bright  spot ;  therefore  it  is 
not  surprising  that  the  Americans  in  Washington  have  not  seen  it*. 

*  [The  bright  spot  on  Veniw,  referred  to  by  Mr.  Brett,  has  been  seen  on  sevo- 
ral  occasions  by  several  observers  at  Greenwich  with  the  Merz  13 -in.  equatoreaL 
The  difficulty  in  seeing  it  arises  from  the  dazzling  ^lare  of  Venus,  which  would  be 
intensified  in  a  large  instrument,  such  as  the  Washington  264n.  equatoreal,  and 
special  precautions  would  therefore  be  necessary.— Ed.] 
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Mr.  Neison  said  he  was  desirous  of  bringing  a  more  interesting 
Bulnect  before  the  Society  than  his  previous  communication,  as  he 
wished  to  show  some  drawings  of  the  region  around  the  lunar  crater 
Hyginus.  When  he  brought  the  subject  before  the  Society  at  a 
previous  meeting,  Mr.  Gill  made  the  pertinent  remark  that  though 
he  had  informed  the  Society  of  what  other  people  had  seen,  he  had 
not  told  the  Society  what  he  had  seen  himself.  At  that  time  he 
had  never  had  an  opportunity  of  seeing  this  portion  of  the  Moon 
under  suitable  illumination,  on  account  of  the  persistently  bad 
weather.  On  March  i  of  this  year,  the  day  after  the  time  when 
the  crater  would  have  been  most  favourably  placed,  he  observed 
this  region  and  saw  a  dark  ill-defined  spot  in  the  place  where  KJein's 
new  crater  was  said  to  exist.  The  next  day  the  spot  completely 
disappeared.  This  ngreed  with  Dr.  Klein's  account  of  his  new 
crater.  On  April  28  another  favoiu^able  opportunity  occurred  for 
observing  this  region,  and  the  crater  was  then  distinctly  visible  as 
a  large  black  spot  with  a  nebulous  edge.  It  was  so  large  and  di- 
stinct that  it  was  impossible  to  overlook  it,  being  far  more  con- 
spicuous than  any  of  the  small  craters  and  hiUs  which  have  beeii 
long  known  to  exist  in  this  region.  He  would  here  show  the 
meeting  a  copy  of  the  drawing  he  had  made.  The  other  dav  he 
brought  his  drawing  down  to  me  Societ/s  rooms  and  showed  it  to 
several  Fellows,  and  there  met  Mr.  Green,  who  had  also  brought 
down  to  the  Society  a  drawing  made  on  the  same  night.  The  two 
drawings  agreed  perfectly.  There  was  no  doubt,  therefore,  that 
there  now  exists  in  this  region  a  large  black  conspicuous  object 
where  no  such  obiect  existed  before;  for  it  is  so  large  that  it 
could  not  have  existed  and  been  overlooked  by  previous  observers 
when  they  drew  the  much  less  conspicuous  objects  on  all  sides  of  it. 

Mr.  Gfreen  described  on  the  black-board  what  he  had  seen  when 
observing  the  same  object.  When  he  made  his  first  observations 
in  the  month  of  March  the  large  spot  exhibited  itself,  and  on 
studying  the  Melbourne  photograph  he  had  found  a  distinct  mark 
in  the  position  of  the  dark  spot  which  he  had  seen.  In  the 
month  of  April,  under  better  illumination,  instead  of  a  large  round 
and  vague  dark  spot,  he  saw  in  the  eastern  portion  of  it  a  distinct 
dark  spot  as  Dr.  Klein  had  stated,  which  seemed  to  be  a  portion  of 
a  large  and  dark  depression. 

The  President  It  is  a  matter  of  very  great  interest,  and  I  am 
sure  the  Society  will  be  very  glad  to  hear  of  the  results  of  work 
in  this  new  field,  and  will  return  their  thanks  to  Mr.  Neison  for  his 
communication.     We  will  now  proceed  with  the  ballot. 

The  following  were  balloted  for  and  duly  elected  Fellows: — 
Capt.  E.  Barnes,  the  Bev.  W.  C.  Bruce,  M.A.,  Geo.  T.  Gwilliam, 
John  Fenn  Hartree,  M.A.,  Charles  Augustus  Jenkins,  William 
Edward  Plummer. 

The  following  papers  were  announced : — 

J,  TMutt.    Observations  of  Brorsen's  Comet,  February  1879. 
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W.  F.  Dennimg,    Meteor  radiant-points  of  April  9-12. 

W,  F.  Denning,    Catalo^e  of  222  Btationarj  meteors. 

S,  C.  Buasell,    Observations  of  Brorsen's  Comet. 

Lord  Lindsay,    Observations  of  Brorsen's  Comet. 

J,  J.  Astrand,  Two  short  and  easj  Methods  of  correcting  Lunar 
Distances. 

Prof,  C,  Pritehard,  Note  on  Sir  John  Herschers  Eef erence  Cata- 
logue of  Double  Stars. 

E,  Neiion,  On  the  Determination  of  the  Solar  Parallax  from  the 
parallactic  inequalities  in  the  l<mgitude  of  the  Moon,  and  on  the 
correction  to  Hansen's  coefficient  of  the  Annual  £<]uation. 

0,  von  Struve.  Order  of  publication  of  successive  Volumes  of  the 
*  Observations  de  Poulkova.' 

Astronomer  Eoyal  (communicated  bj).  On  the  Spectrum  of 
Brorsen's  Comet  observed  at  ^ke  Eoyal  Observatory,  Greenwich. 

The  Meeting  adjourned  at  ten  o'clock. 


On  the  Dark  Lines  of  Oxygen  in  the  Solar  Spectrum 
on  the  lees  refrangible  side  of  G. 

In  a  paper  on  the  lines  of  oxygen,  puUished  in  the  *  Amerieaa 
Journal  of  Science'  for  October  1878,  the  solar  lines  clos^y  coin- 
cident with  those  of  the  electric  spectrum  of  oxygen  were  given.  The 
measurements  of  the  solar  lines,  in  that  instance,  were  taken  from 
phot(^;raphs  made  in  Mardi  1878.  Since  ihat  time,  under  more 
nivourable  atmospheric  eonditiom,  I  have  succeeded  in  obtaining 
£ner  photographs  on  the  less  refrangible  side  of  G.  These  show 
Biany  hmt  lines,  not  visible  in  the  photographs  of  Mardi  1878, 
while  many  other  Hues  are  distinctly  subdivided.  Three  (k  ihe 
recent  photographs  were  taken  on  the  same  day  during  the  last 
week  in  Nov^nber,  and  two  have  been  taken  since  that  time— one 
during  the  last  week  in  January,  and  one  during  the  first  week  in 
February.  In  all  five  of  these  photographs  faint  lines  are  visible 
between  X  4316  and  X  4320  of  Aiigstrom  s  scale ;  and  they  all  show 
them  in  the  positions  indicated  by  the  diagram  and  table.  The 
fact  that  all  the  photographs  agree  in  their  representation  of  these 
lines,  is,  I  think,  proof  poidtive  of  ^a»  correctness  of  the  positions 
assigned. 

To  plaee  the  question  of  tl»  oxygen  lines  in  this  region  as  clearly 
as  possible  before  the  reader,  I  have  devised  a  diagram  which  re- 
presents the  facts  regarding  this  portion  of  the  s<^  spectrum,  to- 
geth^  with  the  wave-lengths  of  the  oxygen  lines  obtained  from  the 
electrio  disdiarge  m  air  and  in  oxygen  gas.  The  final  drawing  of 
the  diagram  was  made  for  me  by  my  assistant^  Mr.  Sickels,  from 
the  wave-lengths  given  in  the  table  which  I  had  prepared. 
The  drawing  was  on  the  scale  of  one  centimetre  to  each  unit  of 
wave-length  (a  tenth-metre) ;  this  was  photognq)hed  down  to  one 


Digitized  by 


Google 


1879.]  m  the  Solar  Spectrum.  47 

balf  its  mxe  hj  a  photo-engraTiiig  operati(m.    From  the  plates  so 
produced  l^e  diagram  was  printed. 


Chart 
PUBnotion. 


ir  BiiBraailoii. . 

OhMTt. 


The  first  space  of  the  diagram  beneath  the  scale  of  wave-lengths 
gives  the  positions  of  the  solar  lines  of  Angstrom's  chart. 

The  second  represents  measurements  made  from  one  >of  Dr. 
Sutherfurd's  paper  prints  of  this  re^on.  These  measurements 
were  made  after  I  received  Mr.  Christie's  paper,  with  a  view  to 
tiie  detection  of  any  dilEereiioe  between  Dr.  Butherf urd's  photo- 
graph and  my  own« 

The  third  space  oontuns  a  representation  of  the  lines  of  this  region 
as  given  by  Mr.  W.  H.  M,  Christie,  of  the  Boyal  Observatory  at 
Grieenwich,  in  the  * MontUy  Notices'  for  June  187$.  This  X  did 
not  receive  until  the  latter  part  of  last  January,  when  I  was  much 
pleased  to  find  the  dose  coinddenoe  of  our  results,  although  they 
were  obtained  by  entirely  different  methods  and  without  any 
knowledge  of  each  other's  work.  line  by  line  Mr,  Christie's  map 
is  the  counterpart  of  the  spectrum  I  had  mapped  from  the  photo* 
graphs  taken  during  the  last  week  in  November  and  sin^  that 
time.  Not  only  do  these  maps  agree  very  closely  in  the  placing 
of  the  lines,  but  the  similarity  in  intensity  is  also  marked!  The 
presence  of  these  fine  lines  in  Mr.  Christie's  prismatic  spectrum 
settles  any  objection  that  might  be  raised  on  the  ground  ol  their 
being  interference  lines  in  the  diffraction  spectrum. 

The  fourth  space  presents  the  measuremente  of  my  recently  taken 
photogn^hs.  The  accuracy  of  adjustment  to  Angstrom's  scale  is 
shown  by  the  coinddences  in  the  lines  X  4312*8  andX43a5'2« 
The  comparison  of  this  with  my  reading  of  Dr.  ButherEurd's  pho* 
tograph,  as  given  above,  while  it  shows  slight  differ^ees,  is 
a  very  satisfactory  evidence  of  the  reliability  ol  the  photographic 
method  of  investigating  tUs  problem.  It  is  also  a  refutirBon  o£ 
the  objections  rused  by  some  to  my  system  of  measuring  and 
studying  the  lines  of  solar  and  other  spectra.  Indeed,  with  proper 
lenses,  and  in  competent  hands,  the  process  I  have  followed  is  sot 
cmly  very  reUaUe,  but  ihe  apparatus  may  be  truly  regarded  as  an 


Digitized  by 


Google 


48  Dark  Lines  of  Occygen  [No.  26. 

instruinent  of  precision.     Of  this  I  hope  to  give  ample  proof 
hereafter. 

The  position  of  the  lines  in  this  region  *of  the  solar  spectrum 
being  established  by  three  independent  observers,  and  the  question 
of  primary  importance,  as  Mr.  Christie  justly  calls  it,  settled,  we 
pass  to  the  examination  of  what  these  lines  probably  represent. 
Krst,  Oxygen.  Beneath  the  four  charts  of  the  solar  spectrum,  I 
have  placed  five  sets  of  measurements  of  the  oxygen  lines'  in  the 
vicinity  of  G.  Beginning  below,  Huggins  gives  a  single  line  at 
4318.  The  other  observers  all  divide  this  ;  H.  Draper  places  the 
two  branches  at  4317  and  4319,  Pliicker  at  4317  and  4320.  My 
own  readings  are  at  4316*50  and  43i975<  Those  of  Angstrom's 
chart  are  at  4316-57  and  43i9'i5. 

In  the  above  measurements,  those  for  the  more  refrangible  line 
are  all  within  one  half  of  a  unit  of  wave-length.  The  readings  of 
the  other  Unes  are  within  a  unit  of  wave-length.  In  these  positions 
there  are,  therefore,  oxygen  lines,  and  in  tfe  same  regions  of  the 
solar  spectrum  Dr.  Eutherfurd,  Mr.  Christie,  and  myself  agree  in 
finding  faint  dark  lines.  More  than  this,  granting  that  the  forked 
symbds  of  Angstrom's  chart  indicate  (and  I  cannot  understand 
what  else  they  mean)  that  the  observer  believed  that  the  line 
^  43i6'57  is  divisible  into  two  lines,  viz.  X  4316*20  and  X  4316*95, 
and  the  line  X  43 19' 15  into  two,  X  4318*85  and  X  43i9'45,  we  find 
that  the  three  charts  of  the  solar  spectrum  give  Hnes  which  are 
very  nearly  coincident  with  the  reacUngs  of  these  forked  symbols. 
It  is  not  often  that  the  results  obtained  by  so  many  independent 
investigators  agree  as  closely  regarding  a  problem  to  be  solved  only 
by  observation  and  experiment ;  and,  considering  the  smallness  of 
a  tenth-metre,  and  the  difficulty  of  making  such  measurements, 
the  agreements  must  be  regarded  as  favouring  strongly  the  identity 
of  thesa  feeble  lines  of  the  solar  spectrum  with  the  lines  of  the 
electric  spectrum  of  oxygen. 

Among  the  obstacles  in  the  way  of  comparing  the  electric  lines 
of  oxygen  with  those  of  the  solar  spectrum,  and  which,  in  part, 
explains  the  discrepancies  that  exist  in  the  measurement  of  the 
lines  of  oxygen,  is  the  difficulty  in  making  exact  measurements  of 
these  lines.  Of  this  difficulty  Pliicker  speaks  in  a  memoir  on  the 
oxygen  spectrum  in  the 'Phil.  Trans.' for  1865.  In  the  same 
memoir  he  also  discusses  the  variation  in  the  breadth  of  the  lines, 
and  the  variation  in  this  variation  in  different  parts  of  the  electric 
spectrum  of  oxygen.  The  positions  given  by  Pliicker  and  myself 
agree  closely,  although  he  gives  no  fractions.  We  both  used  two 
prisms  of  flint  glass,  though  at  times  he  used  foiur.  Pliicker's 
results  and  my  own  were  obtained  in  pure  oxygen  gas ;  while  those 
of  H.  Draper  and  of  Angstrom's  chart  were  from  the  electric  spark 
in  air.  This  may  possibly  explain  why  they  agree  in  differing 
slightly  from  Pliicker  and  myself. 

In  the  measurements  of  the  lines  of  the  solar  spectrum  made  by 
Mr.  Christie,  the  ''  half-pnsm  "  spectroscope  was,  he  says,  equal  in 
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dispersion  to  fifteen  prisms.  Dr,  Eutherfurd's  photographs  and 
mine  were  made  by  means  of  Rutherfurd's  gratings,  of  over  17000 
lines  to  the  inch,  mine  being  by  reflection  and  in  the  second  order. 
The  great  dispersion  thus  brought  to  bear  upon  the  solar  spectrum 
is,  I  think,  the  explanation  of  the  subdivision  in  that  spectrum  of 
the  electric  oxygen  lines  given  as  two  by  Plucker,  H.  Draper,  and 
myself.  I  do  not  know  what  the  dispersive  power  was,  nor  the 
exact  electric  conditions  that  gave  the  forked  symbols  of  oxygen  in 
Angstrom's  chart ;  but  whatever  the  dispersion,  and  whatever  the 
electric  and  consequent  thermal  or  other  conditions,  they  seem  to 
have  produced  results  very  close  in  their  relation  to  those  in  recent 
photographs  of  the  solar  spectrum. 

Discussing  the  existence  of  bright  lines  of  oxygen  in  the  solar 
spectrum  at  X  4317  and  \  4319,  Mr.  Christie  directs  attention  to 
the  opposing  fact  that  the  spaces  at  X  43 15  and  X  4321*5  on  Dr. 
Rutherfurd's  photograph  are  both  brighter  than  those  at  X4317 
and  X  4319.  This  is  also  shown  by  my  photographs,  in  which  the 
slit  was  sufficiently  narrow.  I  may  add  that  there  are  in  my  pho- 
tographs and  in  that  of  Dr.  Eutherfurd,  in  the  region  from  4290  to 
4301,  many  lines  brighter  than  any  in  the  spaces  mentioned.  Ac- 
cepting these  as  being  the  true  measures  of  brilliancy  of  the  bright 
baickground  of  the  spectrum  in  this  region — and  there  is  no  reason 
why  we  should  not  do  so — we  are  justified  in  saying  that  from 
X  43 1 4  to  X  4322,  and  particularly  in  the  vicinity  of  X4317  and 
X  4319,  there  is  somethmg  in  the  solar  envelopes  which  by  absorp- 
tion reduces  the  brilliancy  of  the  spectrum.  In  addition  there  are 
also  faint  lines  which  occupy  the  positions  of  certain  electric  oxygen 
lines. 

If  these  faint  dark  lines  are  not  the  results  of  the  action  of 
oxygen,  to  what  other  cause  are  they  to  be  attributed  ?  Beside  the 
well-marked  lines  of  calcium  and  titanium,  no  one  places  lines  of 
any  element  here  except  Huggins,  who  claims  a  weak  strontium  line 
at  X  4319,  and  a  carbon  line  is  given  at  X  4320  in  Watts's  Index- 
The  space  from  43i5to43i8is  free  from  any  claimant,  and  here 
there  are  lines  representing  the  position  of  the  lines  of  oxygen, 
upon  which  nearly  all  the  measurements  closely  agree.  It  appears 
to  me  that  this  want  of  any  other  explanation  is  a  fact  of  importance 
by  no  means  to  be  overlooked  in  arriving  at  the  true  solution  of 
the  problem  of  the  oxygen  lines. 

In  Dr.  Rutherf  urd's  photograph,  I  think  several  of  the  lines  are 
subdivided.  An  inspection  of  the  original  photograph  of  the 
spectrum  itself  is  required  to  decide  this  matter,  as  the  enlarged 
paper  print  in  my  possession  is  not  entirely  satisfactory,  giving 
only  the  appearance  of  subdivision  as  I  have  recorded. 

Goruilusions. 

I.  The  regions  in  the  solar  spectrum,  X  4317  and  X  4319,  claimed 
as  bright  lines  of  oxygen,  are  not  as  bright  as  others  in  their  im- 
mediate vicinity, 
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2.  The  solar  spectrum  shows  faint  dark  lines  in  the  region  about 

X4317  an<i^43i9' 

3.  Oxygen  is  the  substance  which  can  produce  dark  lines  in  this 
region ;  therefore  we  must  attribute  them  to  the  presence  and  action 
of  that  dement,  J.  C.  Dbapee. 


Mira  Ceti. 

The  following  are  the  results  derived  from  my  observations  of  Mira 
Ceti,  made  at  Cambridgeport,  Mass.,  U.S.A.,  during  its  maximum, 
Oct.  1878.  The  extremely  low  altitude  of  Mira  prevented  con- 
venient observations  until  after  it  had  passed  the  limit  of  visibility; 
so  that  when  first  observed,  Sept.  22,  it  was  found  to  equal  a  fifth- 
magnitude  star  in  brightness,  and  so  rapid  was  the  increase  of 
light  that  three  days  after  (Sept.  25)  it  was  nearly  equal  to  S  Ceti 
of  the  fourth  magnitude ;  and  this  rapid  increase  continued  up 
to  Sept.  30,  on  which  date  Mira  was  observed  to  equal  v  Ceti  of 
the  third  magnitude.  The  increase  of  light  thus  appears  to  have 
been  remarkably  rapid,  much  more  so  than  was  noticed  at  its 
last  maximum,  Dec.  1S77,  the  increase  from  the  fifth  to  the  third 
magnitudes  occupying  only  eight  days,  against  fourteen  days  as 
recorded  last  year.  From  Sept.  30  to  Oct.  6,  the  changes  of  light 
were  very  slow,  hardly  more  than  two  steps. 

The  observations  were  rendered  less  certain,  however,  after  Oct. 
I,  owing  to  the  moonlight,  which  unfortunately  prevailed  at  about 
the  time  of  maximum  brilliancy.  The  increase  of  light  after  Oct,  6 
was  certainly  very  small,  not  exceeding,  at  most,  more  than  one  or 
two  steps,  and  this  amount  would  be  included  within  the  limits  of 
the  errors  of  observation.  The  slight  hollow  in  the  light-curve 
noticed  by  Dr.  Schmidt  last  year  appears  to  be  represented  by  my 
observations  as  occurring  between  Oct.  28  and  Nov.  12,  although 
very  little  reliance  should  be  placed  on  this  doubtful  fluctuation 
recorded,  as  the  decrease  was  certainly  not  more  than  one  step, 
and  the  observations  were  too  few  in  number,  and  too  widely 
scattered  at  this  important  point  in  the  light-curve,  owing  to  a 
succession  of  cloudy  evenings,  to  warrant  the  acceptance  of  this 
result  as  sufficiently  demonstrated,  From  Nov.  12  to  Jan.  10  the 
decrease  of  light  was  slow  and  quite  regular.  Unfavourable 
weather  unfortunately  prevented  a  good  series  of  observations  after 
Dec.  24,  although  the  few  observations  obtained  evidently  show  a 
rapid  decrease.  The  observations  terminated  Jan.  20,  on  which 
date  Mira  was  found  to  be  about  i  or  2  steps  fainter  than  a  sixth- 
mag,  star.  The  observations  were  made  by  Argelander's  method 
of  step  estimations,  and  in  their  reduction  his  scale  of  light  values 
(B.B.  7)  has  been  employed,  and  the  average  value  each  evening 
taken  as  representing  the  brightness  of  Mira.  A  low-power  opera- 
,  glass  was  used  throughout  the  series,  and,  when  practicable,  observa- 
tions were  also  made  with  the  naked  eye.    Leaving  out  of  account 
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the  doubtful  fluctnAtion  recorded,  I  find  the  maximum  to  have 
taken  place  about  Oct.  20. 

The  following  statement  regarding  Mira  was  made  to  the  writer 
about  the  middle  of  Sept.,  by  Mr.  W.  K.  Greely,  of  Boston ;  and 
owing  to  the  great  improlraJbility  of  such  an  occurrence,  and  the 
greater  importance  attached  to  it  if  true,  I  haTe  thought  it  of  suffi- 
cient interest  and  Yalue  to  giro  the  details  in  full ;  and  I  trust  that 
the  phenomenon  has  been  seen  and  confirmed  by  other  observers. 

About  the  middle  of  August  (exact  time  uncertain)  Mr.  Greely,  on 
his  way  home  early  one  morning  (his  occupation  being  such  as  to  keep 
him  until  late  at  night),  in  looking  for  Saturn  through  the  clouds, 
saw  a  star,  which,  for  a  moment,  he  mistook  for  the  planet ;  but  its 
scintillations  soon  showed  that  it  was  not  Saturn,  but  something 
unusual  in  that  quarter  of  the  sky.  The  clouds  cleared  off  soon  after, 
giving  him  an  opportunity  of  noting  its  brightness,  which  he  says  was 
fully  equal  to  any  second-magnitude  star.  Being  somewhat  curious 
to  know  what  star  it  was,  he  carefully  memorized  its  position,  and,  on 
reaching  home,  by  means  of  a  star-chart  identified  it  as  being  Mira. 
It  remained  cloudy  for  several  nights  after ;  and  when  he  again 
saw  it,  it  had  greatly  decreased  in  brightness,  and  shone  as  a  fourth 
or  fifth  magnitude  star.  It  was  about  a  month  after  (or  the  middle 
of  Sept.,  as  stated  above)  before  Mr.  Greely  vras  able  to  see  me 
(knowing  that  1  was  interested  in  this  branch  of  observation)  and 
acquaint  me  with  the  facts.  I  placed  very  little  reliance  on  his 
statement  at  the  time,  merely  regarding  it  as  a  case  of  mistaken 
identity,  knowing  Mr.  Greely  to  be  unaccustomed  to  astronomical 
observations^  and  also  as  I  was  aware  that  the  ephemeris  gave 
Oct.  1 1  as  the  date  of  maximum  brilliancy,  and  that  no  such  irregu- 
larity in  the  period  of  Mira  had  before  been  recorded-  I  told  him 
80  at  the  time;  but  so  positive  was  he  that  he  was  not  mistaken,  I 
thought  it  best  to  mention  the  matter  to  Mr.  Seth  C.  Chandler,  jun.,  a 
Tariable-star  observer,  and  get  his  opinion,  which  I  did  at  the  first 
opportunity,  happening  soon  after.  Mr.  Chandler  rather  doubted 
the  statement,  as  I  had ;  but  still  he  thought  it  of  sufficient  importance 
to  follow  the  matter  further  and  get  the  best  data  obtainable.  On 
the  eveninff  of  Sept,  23  (a  day  after  I  had  commenced  my  observa- 
tions of  Mira,  ana  was  unable  to  tell  as  yet  whether  it  was  on  the 
increase  or  decrease)  I  met  Mr.  Greely  again ;  and  as  this  fortunately 
hi^)peBed  at  a  time  when  Mira  was  quite  well  situated  for  observa- 
tion (although  rather  faint,  being  equal  to  a  fifth-magnitude  star), 
I  was  thus  able  to  satis^  myself  whether  Mr.  Greely  was  acquainted 
with  the  position  of  Mira  or  not.  As  soon  as  I  asked  him  to  point 
out  the  ConsteUation  Cetus,  he  almost  immediately  identified  the 
Constellation,  and  also  the  position  of  Mira.  I  was  then  fully 
satisfied  that  Mr.  Greely**  former  statement  was  correct ;  and,  im- 
pressed with  the  importance  of  gjetting  as  accurate  information 
regarding  the  phenomenon  as  possible,  I  have  since  corresponded 
with  Mr.  Greely  in  regard  to  the  matter,  but  am  sorry  to  state  that 
the  rough  data  furnished  me  at  the  first  interview  with  him  is  the 
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only  infonnation  obtainable  regarding  this  unaccountable  and  re- 
markable increase  in  tbe  brightness  of  Mira  (two  months  before 
the  predicted  time  of  maximum  brilliancy),  as  Mr.  Greelj  had 
made  no  notes  of  his  observations,  such  as  a  practised  observer 
would  have  done. 

I  shall  wait  impatiently  to  hear  whether  the  phenomenon  has 
been  seen  by  any  European  observer,  and  especially  by  Dr.  J. 
Schmidt,  of  Athens,  who  no  doubt  has  kept  steady  watch  on  this 
star.  Edwin  F.  Sawteb. 


Recent  Observations. 

The  dull  weather  this  spring  has  considerably  obstructed  astro- 
nomical observations,  though  "  aqueous  nieteors  "  have  been  toler- 
ably abundant.  It  is  possible,  however,  that  the  following  jottings 
may  interest  some  of  your  readers. 

1879,  January  15.  Sirius  being  extremely  brilliant  and  near  the 
the  meridian,  I  went  into  a  dark  room  with  a  small  south  window, 
and  found  that  it  cast  a  pretty  distinct  shadow  on  white  paper, 
though  of  course  not  nearly  so  plainly  as  Jupiter  or  Mars  do  in 
opposition. 

March,  This  month  was  notable  for  meteorological  phenomena, 
especially  halos  and  parhelia.  On  the  4th,  besides  these,  the 
circumzenithal  arc  was  seen,  although  the  great  halo  was  invisible. 
On  the  1 6th  the  ordinary  halo  with  a  very  wide  tangent  at  the 
top  was  bright,  the  great  halo  faint.  Mock  suns  were  noted  on  six 
days  this  month. 

April  I .  A  very  fine  display  of  halos.  The  ordinary  one  faint  with 
a  vivid  coloured  arc  above,  the  ends  depending  on  each  side  to  a 
level  with  the  Sun ;  between  these  ends  and  the  halo  were  distinct 
parhelia,  the  tails  of  which  were  prolonged  into  the  parheliacal 
ring  quite  round  the  sky. 

April  II.  Made  my  best  observation  of  Brorsen's  comet, 
although  it  was  rather  low  when  the  clouds  cleared  off.  It  had  a 
\ery  narrow  tail  about  20'  in  length.  This  was  seen  with  a  4^-inch 
reflector.  I  was  unable  to  reobeerve  this  tail,  as  the  weather  was 
bad. 

April  17.  A  good-sized  spot  on  the  Sun,  the  first  group  observed 
for  months. 

April  19.  Watched  all  night,  from  9  till  3,  for  Lyrid  meteors, 
but  was  considerably  disappointed,  as  they  were  quite  scarce.  Of 
47  meteors  recorded,  only  13  were  conformable  to  the  usual  radiant. 
The  centre  of  the  rather  diffuse  tracks  was  at  275°  -1-37°.  Only 
2  to  3  Lyrids  were  seen  per  hour.  There  is  not  much  colour 
apparent  in  these  meteors ;  the  ist  mags,  seem  pure  white,  yellow 
being  occasionally  seen  in  the  2nd  mags,  A  few,  about  15  per 
cent.,  leave  narrow  streaks. 
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On  the  1 8th  and  20th  one  and  two  Lyrids  were  seen  in  an  hour 
on  each  date,  bat  the  shower  seems  to  have  gradually  weakened. 

April  28.  A  bank  of  cloud  on  the  horizon,  which  had  the 
quality  of  causing  '*  columns."  As  the  sun  set,  a  partial  one  formed 
oyer  it,  and  later  on  the  Moon  had  one  through  it,  as  a  patch  of 
the  cloud  rose  up  over  it.  But  the  most  interesting  phenomenon 
was,  tliat  Venus  and  the  stars  in  that  part  of  the  sky  had  telescopic 
columns  through  them.  That  through  Venus  was  distinctly  visible 
with  the  unaided  sight,  but  in  the  telescope  it  was  very  bright  and 
curious. 

May  2.  Eose  at  2  to  watch  for  the  Aquariad  meteors  dis- 
covert by  Major  Tupman  some  years  ago.  Only  two  of  them 
were  seen,  at  about  3  o'clock.  They  are  noteworthy  from  the  fact 
that  the  radiant  being  near  the  horizon,  their  tracks  seem  very  long, 
about  20°.     They  usually  leave  fine  streaks. 

May  3.  Brorsen's  comet  passed  over  a  star  about  8th  mag.,  and 
again  on  the  4th  over  another  about  9th  mag.  In  both  cases  the 
comet  almost  disappeared  with  the  4^-inch  reflector,  especially 
when  steadily  looked  at. 

Looked  at  Plato.  The  walls  seem  double  for  about  -|^  of  the 
way  round,  and  not  only  at  the  "  landslip."  On  March  i,  I  drew 
it  as  a  black  spot  between  two  bright  walls,  the  terminator  then 
passing  close  outside  the  crater.  H.  Cobdes. 

Writtle,  Chelmsford. 


Double  Stars  for  June. 

The  following  are  the  most  interesting  pairs  from  10*  to  13**  of 
E.A.    The  less  important  objects  will  be  given  next  momth. 

S  1424=7  Leonis.        E.A.  lo*"  i3"-3,  Dec.  +20°  27'. 

Mag.  2,  3*5.     Colours,  A  golden,  B  greenish  red. 

A  very  fine  binary  star.  Doberck  has  recently  obtained  the 
following  elements  :— Q  111°  34',  X  195°  22',  y  43°  6',  e  07327, 
P  407-04  years,  T  1741-00,  a  i"'98. 

1877-41         112^1         3"'32  Flammarion. 

9-36         111-9         3  -30  Gledhill. 

There  is  a  distant  star  of  the  7th  magnitude  observed  by  Flam- 
gteed  in  1691.     The  following  is  the  most  recent  measure : — 
1877  292°-8       229"-3 

A  careful  examination  of  the  measures  of  this  small  star  has  led 
M.  Flammarion  to  suspect  some  irregularity  in  its  proper  motion 
or  in  that  of  the  pHncipal  star. 

Smyth  says  there  are  "  two  stars  in  a  line  with  A  in  the  n.jp. 
quadrant."  One  of  these  is  no  doubt  the  small  star  just  mentioned, 
but  it  is  not  easy  to  identify  the  other. 
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S  1457.        E-A.  10**  32«-5,  Dec.  +&"  2i\ 
Mag*  7*4,  8*4.    Colours,  white. 

1875  3i4*''9         i"'i9  Wilson. 

7  314*6         ...»  Doberck. 

A  physical  system. 

02  228.        E.A.  io*»  4o"-7,  Dec*  +23°  12'. 

Mag.  7'2,  8-1.    Orbital  motion, 

1875  i3°*2        o"*37,  Sporer. 

S  1517.        E.A.  11*^  7"-4,  Itec.  +20®  47'. 

Mag.  7*3,  7*3.    Binary.    Considerable  common  proper  motion. 
1877  284°-8        o"-5  HaU. 

S  1516.        E.A.  ii**  7"-4,  Dec.  +74°  8'. 

Mag.  7,  7*5*    A  remarkable  pair.    Bectilinear  motion. 
1877  9i°-o        9"'5i  Flammarion. 

02  in  1858  detected  a  small  star  of  the  12th  mag.,  which  forma 
a  binary  system  with  A. 
The  measures  are : — 

1858  294°-!         8"-i87  OS. 

75  299-4        7  -48  Dun^r* 

2  i523=f  TJrssB  Majoris.        E.A.  ii**  ii"*8,  Dec.  +32®  13'. 

Mag.  4,  4*9.     This  is  the  famous  binary  (  Ursse  Majoris.     The 
latest  elements  are  those  just  published  in  No.  i  of  the  Observations 
of  the  Oxford  University  Observatory  : — ^T  1875-26,  P  60*80  years, 
Q  100°  13',  y  56°  40',  X  235°  o',  e  0-41590,  a  2"-58o. 
1877-29         294°-i         l"-68  Knott. 

9-36         278  '9         I  -62  GledhiU. 

2  i536=x£  Leonis.        E.A.  ii""  i7"-6,  Dec.  +11°  12'. 

Mag.  3-9,  7*1.     Colours,  A  yellowish,  B  blue. 
Probably  a  binary  system. 

1877-36  68°-4        2"-54  Dembowski, 

Both  the  magnitude  and  the  colour  of  B  are  probably  variable. 

S  1670  =  7  Virginis.        E.A.  12^  35"**6,  Dec.  —0°  47'. 
Mag.  3-3.    Variable.    A  famous  binary. 

1877-43        338°'4        4"'9<^  Flammarion. 

9*36        338  -6         5  -oo  Gledhill. 

Such  stars  as  y  Leonis  and  y  Virginis  are  best  measured  before 
or  very  soon  after  sunset.  Jo8£Pi£  Qlbphill. 

Mr.  Edward  Orofl8lev*8  Ob^rrsfcory, 
Bermerside,  Hali^. 


Digitized  by 


Google 


1879.]  Mtteor  Nates.  56 

Meteor  Notes  for  June. 

EvBNiKG  obfiervatioiis  may  be  made  between  the  8th  and  ^5th,  and 
in  the  mcMiiings  during  the  last  half  of  the  month.  Shooting-Btars  are 
often  abundant  in  June.  The  average  positions  of  the  chief  radiants 
visible  are  given  as  follows  in  Mr.  Greg's  catalogue  (1876): — 317° 
+62°,  299°  -7°,  301°  +8°,  282^  +60°  264°  -11°,  285°  -13^ 
235°  +23°.  There  is  also  a  radiant  at  the  end  of  the  month  at 
168°  +55°  (near  /3  Ursae  Majoris),  and  others  should  be  looked 
for  near  rj  Serpentis,  (  Cygni,  and  e  Sagitt®.  Zezioli  observed  many 
meteors  on  several  nights  in  June  1867.  On  the  15th,  between 
lo**  and  13**,  he  noted  an  extraordinary  number  falling  amongst 
the  stars  y,  0,  tf,  (  Draconis.  On  the  i6th  before  and  j5ter  10*  he 
saw  20  others,  hardly  visible  and  with  directions  imperceptible 
between  Lyra  and  Ursa  Minor,  but  chiefly  amongst  the  stars 
.  /3,  y,  y,  and  4  Draconis ;  on  the  19th,  10*  to  11**  30",  he  numbered 
more  than  26  falling  stars,  and  the  point  of  departure  seemed  f| 
Urs»  Majoris.  Later  the  same  night  he  recorded  15  falling  stars, 
amongst  which  were  two  of  the  ist  mag.,  but  of  brief  trajectory 
(perhaps  1°) ;  the  others  small,  and  yet  with  short  courses,  started 
between  X  Bootis  and  17  Ursae  Majoris,  from  12*"  to  13**.  Between 
'3**  5"  *^<i  13**  20™  he  registered  the  paths  of  16  meteors  (i  per 
minute)  and  saw  many  others,  indicating  an  exceptional  abundance. 
Zezioli  also  recorded  many  shooting-stars  on  June  29,  between  ii** 
and  13**. 

Large  meteors  may  be  expected  on  June  6-7, 12,  and  29-30.  On 
June  7,  1878,  several  fireballs  appeared  in  the  evening  twilight. 

Recent  Observations, — Mr.  H.  Corder  at  Chelmsford  saw  i  Lyrid 
in  an  hour's  watch  on  the  evening  of  April  18.  On  the  19th  he 
watched  from  9**  till  15^;  and  out  of  47  meteors  seen,  only  13 
were  conformable  to  Lyra,  and  not  more  than  3  were  seen  in  the 
same  hour,  and  they  fell  off  towards  the  morning.  The  next 
evening  (20th)  there  was  an  hour  pretty  clear ;  and  of  8  meteors, 
2  were  Lyrids.  Thus  16  Lyrids  were  seen  altogether;  7  left 
narrow  streaks.  As  to  colour,  the  ist  mags,  were  white,  whilst 
the  2nd  were  yellow  generally.  Badiant  diffuse,  probably  at  275** 
+  37°,  but  it  seemed  double  this  year.  Concerning  other  meteors, 
one  was  imperfectly  glimpsed  by  Mr.  Corder  at  11^  lo"  on  April 
i9=Sirius,  at  158^  —24°.  It  seemed  directed  from  Leo.  There 
was  a  radiant  of  8  short  meteors  at  i  Ursae  (200°  -1-55°),  another 
at  Arctmnis  (210°  +23°),  and  a  large  region  of  radiation  in  Draco, 
but  no  marked  point ;  there  were  several  almost  stationary  meteors 
in  that  constellation.  Also  a  suspicion  of  a  shower  from  the  N. 
part  of  Serpens. 

Prof.  Herschd,  at  Newcastle-on-Tyne,  saw  no  Lyrids  in  half  an 
hour's  watch  on  April  20  (i  i**  to  1 1^  30™) ;  but  of  3  small  meteors 
seen,  one  very  short,  between  Corona  and  the  head  of  Serpens,  con- 
firms the  radiant  suspected  by  Mr.  Corder  at  the  latter  pomt.  The 
other  two  were  from  Draco. 
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Mr.  V.  Cornish,  at  Welling  in  Kent,  registered  8  meteors  be- 
tween 9*»  and  ii**  15"*  on  April  19,  including  several  Lyrids,  At 
9**  2  !■*  a  very  fine  meteor  =  $ ,  but  low  down  and  in  haze,  was 
noted  from  45°  +49°  to  44°  +41°.  At  11**  15"  one  =Arcturu8 
fell  from  212°  +44°  to  217°  +3oJ°,  and  evidently  belonged  to 
Mr.  Corder's  radiant  at  (  UrsaB,  which  is  a  strong  shower  in  April 
and  May,  and  No.  55  of  Mr.  Greg's  catalogue,  with  an  aven^ 
centre  at  204°  +  56°.  Mr.  Cornish  also  observed  3  Coronida  with 
a  radiant  at  246^1°  +20|J°. 

The  writer  at  Bristol  observed  a  fine  meteor  >-ist  mag.  on 
April  18,  12**  50"*,  remarkable  for  its  extreme  slowness  of  motion. 
Path  from  310°  +51°  to  263°  +48°.  Length  30°,  which  it 
traversed  in  about  6  seconds,  casting  ofE  a  bright  train  of  yellow 
sparks  ;  radiant  probably  in  Lacerta.  A  small  meteor  seen  at  the 
same  time  had  an  extremely  short  path  in  Serpens,  and  near  a 
radiant  at  about  234°  + 1 1°.  On  April  20  a  watch  was  maintained 
from  io*»  45"  to  1 1**  30"  (after  which  a  dense  fog  obscured  the  starsX 
and  15  meteors  were  traced,  of  which  4  or  5  only  were  Lyrids. 
Three  bright  and  rapid  meteors,  leaving  streaks,  were  seen  ap- 
parently from  a  ramant  near  /3  Cygni  at  286°  +23°,  which  had 
previously  been  deduced  as  a  shower  of  some  intensity  from  Dr. 
Weiss's  Austrian  observations,  with  a  centre  at  288°  +22°  (20 
meteors,  April  19-23).  It  is  further  confirmed  by  a  stationary 
meteor  (2nd  mag.)  seen  by  Palisa  at  Troppau  on  1870,  April  19, 
at289°*4  +26°-4. 

A  bright  long-pathed  meteor  was  observed  by  Prof.  O'Eeilly  at 
Dublin,  on  April  18,  at  8**  52™.  It  shot  from  iicturus  to  Procyon 
(about  65°)  in  5  or  6  seconds. 

A  large  meteor  was  seen  at  many  places  on  April  21  at  8^  43™. 
Mr,  J.  L.  Stothert  of  Bath  writes  that  "whilst  walking  from 
Tiverton  station  to  Bath  in  a  direction  nearly  E.,  my  attention  was 
arrested  by  a  sudden  brightness  in  the  sky.  On  turning  round  I 
witnessed  the  explosion  of  a  very  fine  meteor,  which  burst  about 
3°  or  4°  S.E.  of  a  Canis  Minoris,  the  course  leading  from  a  Leonis." 
The  same  meteor  is  described  in  a  Bristol  newspaper  : — "  At  17* 
before  9  o'clock,  a  meteor  of  unusual  size  and  brilliancy  was  seen 
from  many  points  of  this  city.  It  descended  from  a  considerable 
altitude  in  the  southern  sky  obliquely  towards  the  west.  It  was 
as  bright  as  Venus,  of  a  beautiful  blue  colour,  and  left  behind  a 
train  of  orange-coloured  fire."  W.  F.  Deniono. 


CORRESPONDENCE. 

To  the  Editor  of «  The  Observatory.' 

Spectrum  of  Brorsen's  Comet. 
Sib,— 

I  have  just  this  evening,  after  a  long  interval  of  cloudy 
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weather,  obtained  some  observations  of  the  spectrum  of  Brorsen's 
Comet  rather  more  satisfactory  than  those  of  April  2  and  3,  which 
I  reported  in '  Nature.'  The  new  observations  confirm  the  former 
ones  completely. 

The  central  band  is  the  brightest,  the  most  refrangible  one  is 
next,  and  the  least  refrangible  one  so  faint  as  to  admit  of  not  much 
more  than  an  estimation  of  its  position,  though  three  difEerent 
settings  agreed  very  fairly.  The  spectroscope  is  the  same  used 
April  2  and  3 — one  prism,  with  scale  and  movable  pointer  adapted 
to  feeble  light. 

The  least  refrangible  edge  of  each  band  was  observed,  being 
pretty  definite,  and  the  wave-lengths  come  out  as  follows,  expressed 
in  millionths  of  a  millimetre  : — 468  +  2,  517  +  1,  558  +  3, 

A  direct  comparison  with  the  flame  of  a  fiunsen  burner  showed 
an  agreement  between  the  bauds  of  the  comet-spectrum  and  three 
of  the  bands  of  the  flame-spectrum,  the  coincidence  appearing  to 
be  perfect  up  to  the  limits  of  the  instrumental  power, 

Por  Encke's  comet  in  Dec.  187 1, 1  got  470*2,  517*45,  and  557*5, 
80  that  there  would  seem  to  be  little,  if  any,  doubt  as  to  the  identity 
of  the  spectra  of  the  two  comets, 

I  am.  Sir,  yours  yery  truly, 

Princeton  College  Obeerratory,  0.  A.  YoUNO. 

New  Jersey. 

Visibility  of  the  Corona  in  full  Sunlight. 
Sib,— 

I  have  been  much  interested  in  the  discussion  which  took 
place  at  the  March  meeting  of  the  Royal  Astronomical  Society  in 
r^ard  to  the  visibility  of  the  corona.  In  this  connexion  permit 
me  to  say  that  Mr.  Upton,  who  observed  the  late  eclipse  of  the  Sun 
with  me  at  Schuyler,  near  Denver,  Colorado,  saw  the  Moon's  limb 
5"  8"  before  the  beginning,  and  7"  13*  after  the  end  of  totality.  I 
myself  saw  the  coronal  rays  distinctly  for  23  seconds  after  totality 
ended.  A  flood  of  light  then  suddenly  filled  the  field  of  my  telescope, 
and  the  rays  could  be  no  longer  distinguished,  although  the  Moon's 
limb  was  sharply  defined.  I  have  no  doubt  that  if  I  had  moved  the 
telescope  so  as  to  throw  the  limb  of  the  Moon  to  the  edge  of  the 
field  I  should  not  have  been  disturbed  so  soon  by  the  sunlight,  and 
might  have  seen  the  coronal  rays  for  at  least  some  seconds  longer. 
I  am,  Sir,  very  respectfully  yours, 
Cincinnati  Observatory,  ObmoiO)  StoIGB. 

1879,  April  15. 

Method  of  Least  Squares. 

SiTH  reference  to  the  question  raised  in  M.  D'Abbadie's  letter 
b  No.,  the  Astronomer  Boyal  has  forwarded  to  us  the  fol- 
lowing letter,  which  he  addressed  to  M.  Le  Verrier  some  years 
ago.] 

My  Deab  Sib, — 

In  the  last  number  of  the  <  Association  Scientifique'  which 
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reached  me,  I  read  your  denunciation  of  the  method  which  is  unfoiv 
tunatelj  called  the  Method  of  Least  Squares.  The  subject  is  very 
imp(»*tant  at  the  present  time  (in  reference  to  the  Transit  of 
Venus),  but  it  is  still  more  important  as  a  general  method  appli- 
cable to  all  discussions  of  complicated  problems  which  may  occur 
in  future ;  and  for  this  reason  1  take  the  liberty  of  addressing  you 
upon  it. 

Now,  my  honoured  friend,  permit  me  to  express  my  perfect 
confidence  that,  on  full  consideration,  you  will  entii*ely  change 
your  opinion  on  this  subject.  You  are,  at  present,  in  the  same 
position  in  which  I  was  many  years  past.  At  that  time,  I  had 
seen  the  method  "  of  least  squares  "  employed  in  a  most  careless 
manner,  leading  to  results  which  would  evidently  be  erroneous ; 
and  I  published  my  opinion  that  the  metliod  deserved  no  confidence^ 
Subsequently  I  became  better  acquainted  with  the  Theory  of  Pro- 
babilities (I  have  written  a  small  book  on  it,  which  perhaps  you 
have  not  seen)  and  I  learned  what  Was  the  point  omitted  in  the 
delusive  applications  which  I  had  remarked  in  early  instances. 
And  I  am  now  certain  that  when  the  Theory  of  Probabilities  is 
properly  applied,  it  leads  distinctly  and  incontrovertibly  to  that 
form  of  application  whith  has  received  (unf ortunatelyj  the  name  of 
**  least  squares." 

I  will  state  to  you  the  principal  heads  of  reasoning  upon  which 
it  depends. 

1.  It  is  taken  as  foundation  of  the  system  that,  if  ^  be  the 
magnitude  of  an  error  in  determination  of  a  simple  observed 
quantity,  the  number  of  errors  which  occur  between  x  and  a?+3a7 

is  proportional  to  Ix  x  e  <^,  where  c  is  the  "modulus,"  a  number 
peculiar  to  each  system  of  errors.  It  matters  not  whether  this 
formula  is  derived  from  Laplace's  reasoning :  it  is  certain  that  it 

represents  facts  in  general.     The  "  probable  error  "  is  nearly  =  -. 

2.  This  law  being  understood,  it  is  easily  shown  that  (see  my 
book),  if  we  have  two  quantities  subject  to  error,  the  two  quantifies 
being  ahsolutely  independent,  then  calling  these  quantities  p  and  q^ 
the  (probable  error  of  p-{-qY  or  the  (probable  error  of  p—qf  = 
(probable  error  oipY  H-  (probable  error  of  qf.  This  is  the  funda- 
mental theorem,  which  enters  into  every  succeeding  step  of  investi- 
gation. 

3.  The  whole  object  of  the  Theory  of  Combination  of  Observa- 
tions is,  to  discover  what  is  the  rule  of  combination  which  will 

Produce  a  result  whose  probable  error  is  the  smallest  possible, 
must  here  omit  some  steps,  and  here  state  only  the  result. 

4.  Every  equation  connecting  the  various  elements  which  are 
to  be  deduced  from  an  observation  (which  has  an  estimated  proba- 
ble error)  is  to  be  so  multiplied  that  the  probable  error  of  the 
equation  =  i  (abstract  number).  Then  it  is  demonstrated  by  the 
theory  of  combination  of  observations  {not  by  any  consideration 
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of  least  squares)  that  the  peculiar  process  known  as  the  ''  method 
of  least  squares"  does  produce  those  values  of  the  elements  sought 
whoee  probable  errors  are  the  smallest  possible. 

Now,  my  valued  friend,  let  me  iutreat  you  to  consider  this 
matter  very  carefully  (the  result  will  certainly  be  that  you  will 
adopt  the  Theory  of  Combinati(»i  in  its  completeness)  and  that 
jou  will  publish  your  mature  convictions  upon  it.  It  cannot  be 
permitted  that  a  great  error  should  be  promulgated  on  the  autho- 
rity of  a  great  man  without  receiving  contradiction ;  and  it  is  in- 
finitely better  that  the  correction  should  be  made  by  you  than  by 
any  other  person. 

I  am,  my  dear  Sir,  most  truly  yours, 

G.  B.  Airy. 

Boyftl  Obflerratory, 
Qreenwich, 
1S75,  February  5. 

The  Sadler-Smyih  Scandal 

Sib,— 

I  do  not  wish  to  enter  into  a  controversy  respecting  the 
Sadler-Smyth  Scandal,  as  I  do  not  thoroughly  understand  the  merits 
of  the  case.  I  am,  however,  very  pleased  that,  at  the  last  meeting  of 
the  R.  A.  S.,  everything  terminated  so  satisfactorily.  But  my  object 
in  addressing  you  is  to  offer  a  few  remarks  upon  the  concluding 
part  of  Mr.  Chambers's  letter.  He  there  says,  *'  I  think  it  well 
merits  the  consideration  of  tbe  Fellows  how  far,  even  on  general 
grounds,  the  present  Council  is  a  fairlv  representative  body  de- 
serving of  confidence.  To  my  mind  it  is  not  such :  an  Astrono- 
mical Society  ought  to  be  governed  by  working  Astronomers,  and 
admission  to  the  governing  body  should  go  in  some  degree  by 

seniority Mr.  Sadler,  having  been  elected  Fellow  in  June 

1876,  has  clearly  no  claims  by  seniority:  as  to  his  claim  by  merit, 
I  need,  under  the  circumstances,  say  nothing.  By  some  kind  of 
juggling,  the  mysteries  of  which  are  unknown  to  me,  most  of  the 
influential  Astronomers  of  England  seem  to  have  been  juggled  out 
of  the  Council  and  a  batch  of  nobodies  juggled  in." 

I.  Now,  Sir,  I  should  like  to  ask  Mr.  Chambers  what  there  is  in 
the  present  Council  which  makes  it  a  body  not  deserving  of  con- 
fidence. It  was  duly  elected  at  the  Annual  Meeting  in  February 
last,  and  has  done  nothing,  as  far  as  I  am  aware,  deserving  of  con- 
demnation. And  if  any  Fellow  who  was  not  a  nominee  of  the  late 
Council  had  been  desirous  of  a  seat  on  the  board,  all  he  had  to  do 
to  become  a  Candidate  was  to  be  nominated  by  two  Fellows  of  the 
Society  (see  Bye-Law  8,  Sect.  III.).  As  to  the  governing  body 
being  elected  from  the  Fellows  according  to  seniority,  Mr.  Chambers 
must  first  obtain  the  consent  of  the  FeUows  at  the  Annual  General 
Meeting,  or  at  a  Special  Greneral  Meeting,  to  alter  Bye-laws  8,  9, 
and  10  (Sect.  III.) — a  course  to  which  I  for  one  should  not  feel 
disposed  to  agree,  as  there  are  many  things,  besides  a  practical 
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knowledge  of  Astronomy,  which,  in  my  opinion,  qualify  for  serving 
on  the  governing  body. 

2.  Again,  Mr.  Chambers's  remarks  about  "juggling,"  "mys- 
teries unknown  "  to  him,  "  juggling  nobodies  in  "  and  "  influential 
Astronomers  out "  are  very  un^^  for  and  ought  to  be  withdrawn. 
They,  in  my  opinion,  reflect  upon  the  late  Council  in  the  prepara- 
tion of  the  list  of  Nominees,  upon  the  Fellows  who  attended  the 
Anniii^l  Meeting,  and  upon  the  Scrutineers  who  counted  up  the 
votes.  Now,  Sir,  I  saw  no  "  juggling  "  whatever,  nor  did  I  notice 
any  thing  mysterious  in  conducting  the  election  of  the  present 
Council.  The  late  Council  duly  prepared  the  lists  ;  every  thing  at 
the  Meeting  was  done  above  board ;  and,  as  one  of  the  Scrutineers 
appointed  by  the  Meeting,  I  can  most  positively  deny  that  either 
"  juggling  "  or  "  mystery  "  was  practised  in  the  counting  of  the 
votes.  I  think,  therefore,  that  Mr.  Chambers  should  be  called 
upon  to  substantiate  or  withdraw  his  charges. 

3.  Finally.  Will  Mr.  Chambers  kindly  inform  the  Fellows,  for 
their  guidance  at  the  next  election,  who  the  influential  Astronomers 
are  who  have  been  juggled  out  of  the  Council,  and,  at  the  same 
time,  give  the  names  of  the  batch  of  nobodies  who  have  been 
juggled  in? 

I  am,  Sir,  yours  faithfully, 
The  Vicarage,  Tring,  ChaELES  HbavEN. 

May  19th,  1S79. 


NOTES. 

CoLOUES  OP  Double  Staes*. — M.  Niesten,  of  the  Brussels 
Observatory,  has  recently  discussed  the  question  of  a  relation  be- 
tween the  colours  of  double  stars  and  the  revolution  of  the  com- 
panion. A  somewhat  analogous  relation  has  been  suspected  in 
the  solar  system  between  the  revolutions  of  the  planets  and  Sun- 
spots,  and  with  these  have  been  connected  supposed  periodic 
changes  of  colour  in  some  of  the  planets.  The  question  is  full  of 
difficulties,  on  account  of  the  uncertainty  of  colour-estimations  by 
various  observers ;  but  M.  Niesten  has  collected  the  data  available 
for  20  binary  stars,  in  which  changes  from  white  to  yellow  or 
orange  are  indicated  in  the  primary  star,  with  more  marked  varia- 
tions of  hue  in  the  companion,  and  has  arrived  at  the  following 
conclusions : — 

1.  That  in  systems  in  relative  motion,  whether  rectilinear  or 
orbital,  especially  in  those  of  short  period,  the  two  components 
have  ordinarily  the  same  hue,  yellow  or  white. 

2.  That  the  primary  is  white  or  pale  yellow  when  the  companion 
is  at  its  periastre,  and  yellow,  golden  yellow,  or  orange  at  other 
times. 

*  Bulletins  de  rAcaddmie  Boyale  de  Belgiqae,  Tome  xlvii.  No.  i* 
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5.  That  tbe  companion  exhibits  the  same  changes  of  hue  and 
often  in  a  more  marked  degree,  being  in  most  cases  white  at  its 
periastre,  like  the  primary. 

4.  That  in  optical  couples,  the  companion  is  almost  always  blue. 

This  last  circumstance  might,  according  to  M.  Niesten,  arise 
from  the  absorption  of  a  great  thickness  of  aeriform  fluid  existing 
in  space,  such  minute  optical  companions  being  supposed  to  be 
situated  at  the  extreme  confines  of  the  visible  universe.  M.  Niesten, 
however,  assumes  that  our  atmosphere  gives  a  blue  colour  to  dis- 
tant objects,  whereas  the  opposite  is  really  the  case,  as  shown  by 
the  redness  of  the  setting  Sun.  It  is  true  that  distant  mountains 
fihow  an  intense  blue  in  the  shadows,  but  that  is  simply  because 
the  transmitted  light  is  so  faint  that  it  is  overpowered  by  sun- 
light reflected  from  the  particles  of  vapour  in  the  air.  This  latter 
is  blue,  since  the  air  absorbs  the  blue  rays  and  therefore  also  emits 
or  reflects  them.  High  lights  in  the  distance  and,  in  general,  bright 
objects  seen  through  a  great  thickness  of  moist  air  have  an  orange 
or  reddish  tinge. 

M.  Niesten  gives  a  table  showing  the  distribution  in  zones  of 
I*  in  RA.  and  10°  in  Dec.  of  stars  with  blue  companions,  from  which 
it  appears  that  they  are  found  chiefly  in  the  constellations  of  Lyra 
and  Cygnus  and  of  Orion.  The  nimibers  which  M.  Niesten  has 
given  for  each  zone  of  10°  of  declination  should,  in  strictness,  be 
divided  by  the  area  of  each  zone  in  order  to  make  them  comparable, 
the  areas  diminishing  of  course  from  the  equator  to  the  poles. 

Thus  we  have  (the  last  zone  being  of  5°  breadth  only)  : — 

N.P.D 15*"    as*"    35°    45°    55°     65°    75°     ^5°    95°  >o5°  "*i® 

Tfo.  of  Stars ...     5         7       14        8       26       22       21       24      19      7         5 
Freqaency 19      17      20      xo      29      23      21      24      20     8        11 

The  first  line  gives  mean  N.P.D.  of  zone,  the  second  line  the 
number  of  stars  as  stated  by  M.  Niesten,  and  the  third  the  number 
X  sec.  N.PJ).  representing  the  frequency.    M.  Niesten's  conclu- 
sion is  not  materially  affected  by  the  change,  though  the  two 
maxima  at  55°  and  85°  become  much  less  marked. 


"Washingtoit  Obseevations,  1875. — The  present  volume  is  in 
the  same  form  as  its  predecessors ;  we  can  here  give  only  a  brief 
notice  of  the  mass  of  valuable  observations  and  investigations  which 
it  contains.  In  the  section  of  the  Introduction  devoted  to  the 
Transit-Circle,  we  find  a  description  with  illustration  of  Prof. 
Eastman's  ingenious  apparatus  for  determining  personal  equation, 
brought  into  use  in  1875.  In  the  same  year  a  new  reflection  ap- 
paratus was  fitted  up,  by  which  stars  can  be  conveniently  observed 
by  reflection  and  direct  at  the  same  transit,  but  only  between  the 
limits  18°  and  25°Z.D.,  so  that  the  important  R.  — D.  correction  is 
even  now  not  fully  determined.  However,  it  is  a  great  improve- 
ment on  the  former  mercury  trough,  which  was  so  defective  and 
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awkwardly  constructed  that  it  was  used  but  rarelj,  and  the  number 
of  stars  observed  by  reflection  since  1868  is  consequently  too  small 
to  obtain  a  trustworthy  correction  to  the  lenith-point.  The  other 
instruments  noticed  in  the  Introduction  are  the  Meridian  Transit, 
the  Mural  Circle,  and  last,  but  not  least,  the  26-inch  Equatoreal. 
Then  follow  the  observations  with  these  instruments  and  the  re- 
sults, including  a  catalogue  of  800  stars  and  the  comparison  be- 
tween observed  and  tabiilar  places  of  the  Sun,  Moon,  and  Planets. 
With  the  26-inch  Equatoreal  there  are  measures  of  the  satellites  of 
Saturn,  Jupiter,  Uranus,  and  Neptune,  and  of  a  few  double  stars. 
Appendix  I.  is  a  determination  of  the  longitude  of  Sayre  Observa- 
tory, Lehigh  University,  Bethlehem,  Pennsylvania,  by  Prof.  East- 
man, in  cooperation  with  Prof.  Doolittle.  Appendix  II.  consists 
of  Prof.  Newcomb's  Researches  on  the  Motion  of  the  Moon  (noticed 
in  No.  23  of  '  The  Observatory ').  Appendix  III.  is  a  discussion 
by  Lieut.-Comm.  Davis  of  chronometer  rates  as  affected  by  tem- 
perature; and  the  volume  concludes  with  Prof.  Asaph  HalFs 
memoir  on  the  satellites  of  Mars,  of  which  we  have  alreicidy  given 
an  account  ('  Observatory,'  No.  19). 

Gbbbkwich  ObseevitiO(N8,  1876. — This  volume  contains  the 
regular  observations  with  the  Transit-Circle  and  Altazimuth,  with 
discussion  in  the  Introduction  of  the  corrections  of  various  kindi 
required  in  their  reduction,  a  catalogue  of  1044  stars  observed  in 
the  course  of  the  year,  comparison  of  the  observed  and  tabular 
places  of  Sun,  Moon,  and  Planets,  occultations  of  stan,  and  phe- 
nomena of  Jupiter's  satellites.  All  these  are  in  the  form  which 
was  arranged  by  the  Astronomer  Eoyal  in  1835,  and  which  has 
been  adhered  to  ever  since.  The  Spectroscopic  results  which 
follow  are  a  recent  addition.  They  consist  of  observations  of  solar 
prominences,  spectroscopic  determination  of  the  rotation  of  the 
Sun,  and  of  motions  of  approach  or  recession  of  32  stars,  of  the 
Moon  and  of  Venus,  spectra  of  variable  stars  and  of  planets,  and 
spectrum  of  hydrogen  at  various  pressures. 

The  Nine-year  Gcitalogue  of  2263  stars  forms  an  appendix  to  th« 
volume,  and  is  also  published  separately.  The  Introduction  contains 
discussions  of  the  systematic  errors  in  R.A.  and  N.P.D.,  the  former 
being  exhibited  in  curves.  The  corrections  to  E.A.  (not  applied 
in  the  body  of  tiie  Catalogue  itself)  are  derived  from  a  comparison 
with  observations  of  groups  of  clock-stars  extending  over  12  hours 
at  least,  and  of  circumpolar  stars,  and  thus  a  table  of  standard 
B.A.'s  of  clock-stars  has  been  formed.  In  the  N.P.D.'s  the  cor^ 
rections  for  error  in  the  micrometer^screws  ^caused  by  wear)  and 
for  co-latitude  have  been  investigated  and  applied  in  the  Catalogue. 

In  an  Addendum  further  corrections  are  given  to  reduce  the 
N.P.D.'s  to  Bessel's  system  of  refractions,  as  it  appears,  from  a 
comparison  with  the  Cape  and  Melbourne  catalogues,  and  from  the 
ecliptic  investigations,  that  the  new  refractions  introduced  by  Mr. 
Stcme  in  1868  do  not  represent  the  observations  of  southern  stars 
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or  of  the  Sun.  Tho  co-latitude  also  requires  to  be  increased  from 
38°  31'  2i"-4o  to  38*^31'  2i"*9o  (its  old  value),  in  consequence  of 
the  increase  in  the  re&action. 

A  KBW  minor  planet  of  the  twelfth  magnitude  (No.  195)  was 
discovered  by  Herr  Palisa  at  Pola  on  April  28. 

Another,  of  the  tenth  magnitude  (No..  196),  was  discovered  by 
Prof.  Peters  at  Clinton,  New  York,  on  May  17.  It  has  been  since 
observed  by  Major  Tupman  on  May  19,20,21,  and  25.  Its  position 
onMav25  was:-— E.A.  12^  iS"*?,  Dec.  -f  6°  2  5 '-5,  with  a  daily  mo- 
tion of  2'  south  in  declination.  The  motion  in  E.A.  is  very  small, 
3*  retrograde,  the  planet  being  near  its  stationary  point. 

Another  minor  planet  of  the  twelfth  magnitude  was  discovered 
by  M.  Palisa  at  Pola  on  May  2 1 .  Edttoe, 


Astronomical  Memoranda^  1879,  July. 

Sun.  July  I,  sets  8**  18",  rises  15**  49" ;  July  31,  sets  7**  49"*,  rises 
16**  25".  There  is  an  annular  eclipse  on  July  18,  invisible  at 
Greenwich.     The  central  line  passes  over  Central  Africa. 

Equation  of  time: — Sun  after  clock,  July  i,  3"  3o»;  July  11, 
5«  io» ;  July  21,  6"  8» ;  July  31,  6"»  lo". 

Sidereal  Time  at  Mean  Moon : — July  i,  6*»  36"-7  ;  July  11,  7** 
i6--i ;  July  21,  7^  55--5 ;  July  31,  8**  35"*o- 

Moon.  Full,  July  3,  9*^  38";  Last  Quarter,  July  10,  20^  54"; 
New,  July  18,  21**  6"» ;  First  Quarter,  July  25,  22**  36"^. 

Occultations :— July  3,  11**  43"  B.  A.  C.  6490  Oc.  E.  295°; 
July  4,  i2»»  42"  B.  A.  C.  6889  Oc.  E.  356°;  July  11,  ii»»23™ 
loi  Piscium  Oc.  E.  305°;  July  14,  i2*»  16™  36  Tauri  Oc.  E. 
308°  ;  July  28,  9**  37"  Antares  Oc.  D.  152°,  io*»  7"  Antares  Oc. 
R.  200° ;  July  31,  8»»  52"  B.  A.  C.  6699  Oc.  D.  20°.  The  angles 
at  disappearance  (D.)  and  reappearance  (E.)  are  reckoned  from 
the  appctreni  N.  point  towards  the  right  hand  round  the  Moon's 
circumference  as  seen  in  an  inverting  telescope. 

The  oocultation  of  the  bright  star  Antares  on  July  28  should  be 
observed  specially,  and  any  phenomena  of  projection  or  clinging  to 
the  limb  at  reappearance  at  the  bright  limb  carefully  noted.  At 
reappearance  the  comes  (7  mag.,  pos.  276^  dist.  3"-7)  may  be  seen 
emerging  6*  or  7*  before  Antares,  thus  affording  a  brief  opportunity 
of  estfanating  its  true  colour. 

Mercury  is  an  evening  star,  at  greatest  elongation  E.  (27°)  on 
July  27,  when  he  sets  in  the  W.N.W.  about  i^  after  the  Sun. 

Venus  IB  an  evening  star,  at  greatest  elongation  E.  (46°)  on 
July  16.  She  sets  in  the  WJ^.W.  at  10*'  32"*  on  July  i,  and  in 
the  W.  at  9**  8"»  on  July  31.  The  illuminated  portion  of  the  disk 
18  0*564  on  July  I,  and  0*404  on  July  31,  and  the  corresponding 
diameters  2o"*4  and  29''-o. 

Mars  is  a  morning  star  in  the  E.N.E,  advancing  through  Pisces 
and  Aries.    He  is  in  quadrature  on  July  32. 
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July  I,  E.A.  i^  i™-2,  Dec.  3^  57'  S.,  tr.  18^  23",  rises  ii**  S9». 
July  31,         2    13-0,        10  42  N.,       17   37  10   38 

Jupiter  is  a  morning  star  in  the  E.S.E.,  stationary  in  Aquarius. 
July  I,  E.A.  22*^  58'"-i,  Dec.  7°  53'  S.,  tr.  i6*»  19%  rises  io*»  55". 
July  31,  22    53  -3,  8    31   S.,        14   16  ,  8   55 

Jupiter's  Satellites:— ^\Aj  i,  13**  9"  iii.  Ec.  R.,  14**  38"  iii.  Oc. 
D.;  July  3,  i4»»  i4«  ii.  Sh.  I.;  July  5,  i3»»  50-  i.  8h.  L,  i4»» 
24"  ii.  Oc.  K. ;  July  6,  14**  30"  i.  Oc.  E. ;  July  7,  ii*»  47"  i.  Tr. 
E.;  July  8,  I2»»  24*"  iv.  Sh.  I.;  i^^  40"  iii.  Ec.  D. ;  July  12, 
1 1^  43"  iii.  Tr.  E.,  1 1»»  48-  ii.  Ec.  D. ;  July  13,  i2»»  56«"  i.  Ec.  D. ; 
July  14,  ii»»8"ii.  Tr.  E.,  ii»'i6"i.  Tr.  I.,  i2»»3i"»  i.  Sh.  E.,  1^^ 
35"  i.  Tr.  E. ;  July  19,  ii*»  24"*  iii.  Sh.  E.,  ii»»  47"  iii.  Tr.  I., 
14**  23"*  ii.  Ec.  D. ;  July  20,  14**  51"  i.  Ec.  D. ;  July  21,  io*»  40"  ii. 
Tr.  I.,  ii»»  40"  ii.  Sh.  E.,  12^  5"  i.  Sh.  I.,  i^^  3*  i.  Tr.  L,  1^^ 
31"  ii.  Tr.  E.,  I4»»  24*  i.  Sh.  E.;  July  22,  i2*»  32"  i.  Oc.  E.;  July 
25,  ii»»  i6"»  iv.  Sh.  E.,  i4*»  59  iv.  Tr.  I. ;  July  26,  ii»»  46"  iii.  Sh. 
I. ;  July  28,  ii»»  24«  ii.  Sh.  1.,  i^^  i*"  ii.  Tr.  I.,  1^^  o«»  i.  Sh.  I., 
14**  17"  ii.  Sh.  E.,  i4»»  48*"  i.  Tr.  I. ;  July  29,  ii»»  14"  i.  Ec.  D., 
M*'  i8»  i.  Oc.  E.;  July  30,  io»'35"  ii.  Oc.  E.,  lo*'  47"  i.  Sh.  E., 
ii*'33"i.  Tr.  E. 

Saturn  is  a  morning  star  in  the  east,  stationary  in  Pisces. 
July  I,  E.A.  o^  59"-6,  Dec.  3°  46'  N.,  tr.  i8*»  20",  rises  ii*»  57". 
July  31,         I      2  -o,  3    52  16    24  10      I 

Outer  Bing.  Inner  Ring.  BalL 

Maj.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Diam. 

June  29 39"'33         7"*o2         26"-i$        4"'6y       i5"-8 

July  19 4o"74         7"'4o         27"-09         4"-92       i6"-3 

The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  10°  17'  S.  and  10®  28'  8.  on  June  29  and 
July  19  respectively,  and  of  the  Sun  7°  36'  S.  and  7*^  54'  S. 

Editor. 

Publications  received  : — E.  Dunkin,  Obituary  Notices  of  Astrono- 
mers (London^  1879) — B.  Hasselberg,  Bewrbeitu/ng  der  Photogra- 
phischen  Aufnahmen  in  Hafen  Possiet  (St.  Petersburg,  1877)— B. 
Hasselberg,  Studien  auf  dem  Oehiete  der  Absorptions  analyse  (St. 
Petersburg,  1878) — ^E.  von  Asten,  Theorie  des  Enckeschen  G(meten 
II.  (St.  Petersburg,  1878) — ^W.  Valentiner,  Astronomische  Beobachr 
tungen  zu  Mannheim^  III.  Micrometrische  Ausmessung  von  Stem- 
haufen  (Karlsruhe,  1879) — L.  Niesten,  U Aspect  Physique  de  la 
planets  Mars  (Bruxelles,  1878) — Th.  Bredicbin,  Remarques  gSneraUs 
sur  les  Cometes  (Moscow,  1879) — Eev.  E.  Ledger,  Intra-mercurial 
Planets,  Gresham  Lecture,  Feb.  14,  1879  (Cambridge  Univ.  Press, 
1879)— Adm.  Sir  C.  Shadwell,  Notes  on  Interpolation  (J.  D.  Potter, 
price  2s,) — J.  Tebbutt,  Correction  to  Longitude  of  Sydney  Observa- 
tory (Eoy.  Soc.  of  N.  S.  W.  1878)— G.'  H.  Darwin,  Precession  of 
Viscous  Spheroid  and  Remote  History  of  the  Earth  (Proc.  E.  S. 
1878,  Dec.  19) — Edward  Eigg,  Compensation  of  Clocks,  Watches^ 
and  Chronometers  (Society  of  Arts,  1879,  March  12) — ^Eev.  Qt.  T. 
Carruthers,  New  Solar  Elements  (Nagpur,  1879).  Editob. 
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THE   OBSERVATORY, 

A  MONTELY    REVIEW    OF  ASTRONOMY. 

No.  27.  JULY  1.  1879. 

MEETma  OP  THE  EOYAL  ASTEONOMICAL  SOCIETY. 

Friday,  1879,  ^^"^^  ^3- 

Prof.  Catlet,  M.A.,  P.B.S.,  &c.,  in  the  Chair. 

Secretaries :  Mr.  J.  "W.  L.  Glaisheb,  M.A.,  F.E.S.,  and 
Mr.  A.  CowpEB  Baktabd,  M.A. 

Mb.  Glaisheb  reported  that  a  number  of  presents  had  been 
received  during  the  month,  the  only  ones  calling  for  special  men- 
tion being  two  forms  of  apparatus,  presented  to  the  Society  by 
Mr.  Perigal,  for  combining  circular  motion. 

Prof,  Adams,  I  beg  leave  to  present  to  the  Society  a  paper  by  M. 
Souillart  on  the  theory  of  Jupiter's  satellites.  In  this  paper,  which 
is  too  full  of  mathematics  to  be  read  before  the  Meeting,  M.  Souillart 
undertakes  to  investigate  anew  the  theory  of  Laplace,  obtaining 
the  results,  however,  by  a  different  method.  In  such  a  complicated 
t^ieory  as  that  of  Jupiter's  satellites,  it  is  very  important  that  we 
should  not  be  dependent  on  one  method  only.  Getting  out  the 
same  results  by  different  methods  affords  by  far  the  best  check  upon 
the  accuracy  of  the  work.  Laplace,  in  his  *  Mecanique  Celeste,' 
calculates  the  perturbations  of  the  coordinates  of  the  satellites  di- 
rectly. M.  Souillart,  in  this  memoir,  finds  the  same  result-s  by  the 
medium  of  the  perturbations  of  the  elliptic  orbits ;  and  his  final 
result  is  to  confirm  Laplace's  work.  In  one  or  two  points  he  has 
carried  the  approximation  further  than  Laplace.  For  instance,  in 
the  principal  inequalities  affecting  the  first  three  satellites,  where 
Laplace  has  contented  himself  with  the  first  approximation,  M. 
Souillart  has  found  sensible  terms  depending  on  the  second  and  the 
third  powers  of  the  disturbing  forces,  which  it  is  important  to  take 
into  account.  This  paper  may  be  looked  upon  as  an  answer  to  an 
appeal  made  by  the  Council  in  their  last  Annual  Beport,  in  which 
they  expressed  a  hope  that  communications  between  this  Society  and 
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foreign  astronomers  would  be  more  frequent  in  future  than  tiiej 
had  been  in  the  past. 

2%e  Chairman  now  introduced  Dr.  H.  Draper,  of  New  York, 
who  was  received  with  rery  hearty  applause. 

Dr,  Dra;per.  I  feel  very  much  honoured  indeed  in  being  allowed 
to  address  the  Boyal  Astronomical  Society  to-night  on  a  matter 
which  has  interested  me  so  much  as  the  subject  of  the  existence  of 
bright  lines  of  oxygen  in  the  spectrum  of  the  Sun.  I  haye  pre- 
pared some  written  remarks,  which  I  shall  use  as  a  sort  of  text; 
but  I  shall  take  the  opportunity  to  diverge  from  them  upon  such 
points  as  seem  necessary  for  further  explanation.  There  are  two 
or  three  matters  which  will  require  a  little  explanation  on  the  bladE- 
board ;  and  I  shall  take  the  opportunity  of  passing  round  amongst 
you  some  photographs  which  will  show  the  results  of  my  working. 
1  wish  to  speak  of  the  steps  which  led  to  the  discovery  of  oxygen 
in  the  Sun,  and  t'O  describe  some  improvements  in  the  electric  and 
optical  apparatus,  and  finally  to  show  the  results  and  their  subse- 
quent confimation. 

In  1857,  after  the  Meeting  of  the  British  Association  at  Dublin, 
some  of  the  Members  were,  by  t-he  kindness  of  the  Earl  of  Bosse, 
invited  to  visit  the  6-feet  reflector  at  Birr  Castle ;  and  in  this  way 
I  enjoyed  the  advantage  of  seeing  the  method  by  which  that  great 
instrument  was  produced;  and  on  returning  to  America  in  1858, 1 
was  prompted  to  begin  the  construction  of  a  metal  speculum  of 
1 5I  inches  aperture.  Soon  after,  by  the  advice  of  Sir  John  Herschel, 
the  metal  was  abandoned  in  favour  of  silvered  glass.  Several  mir- 
rors were  ground  and  polished,  and  a  telescope  was  constructed  es- 
pecially for  photography,  and  good  results  were  obtained  which  in 
1863  culminated  in  the  production  of  a  photograph  of  the  moon 
15  inches  in  diameter. 

Dr.  Draper  then  proceeded  to  give  aa  account  of  his  spectrosco- 
pic researches  in  conne^on  with  the  bright  lines  of  oxygei^  in  the 
Sun.  He  had  at  first  worked  at  the  spectrum  of  nitrogen ;  but  the 
diffuse  bands  of  thi^  element  were  not  so  favourable  as  the  narrow 
lines  of  oxygen  for  determination  of  coincidences  with  bright  lines 
in  tlie  solar  spectrum..  The  research  was  commenced  in  1873,  &i^d 
more  and  more  powerful  induction-coils  were  used  till  at  len^h 
satisfactory  photographs  were  obtained  in  1876  by  the  use  ot  a 
BuhmkorlE  coil  capEible  of  giving  a  spark  of  17  inches,  in  connexi(Hi 
with  a  gramme  dynamo-electric  machine  of  500  candle-power 
driven  by  a  petroleum  engine  o£  two  horse-power.  In  this  way 
a  thousand  lo-inch  sparks  per  minute  can  be  produced;  and  these 
being  condensed  by  a  battery  of  Leyden  jars,  a  spark  of  great 
intensity  is  obtained  between  electrodes  in  air.  Pliicker's  tubes, 
which  were  tried  in  the  early  experiments,  were  discarded,  on  ac- 
count o£  the  deposit  formed  on  the  glass  which  soon  obscured  the 
light,  it  being  necessary  to  use  iron  as  one  of  the  electrodes  for  the 
sake  of  having  its  lines  for  comparison  with  the  solar  spectrum. 
Since  1877  a  great  advance  had  been  made  by  the  introduction  of 
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sevend  improyements.  The  most  important  of  these  is  the  "  spark-* 
compreeaer,"  to  confine  the  spark  between  the  poles.  Ordinarily 
the  spark  pursues  a  sigzag  course ;  but  by  means  of  two  plates  of 
glass  it  was  confined  to  a  narrow  space  in  a  plane  through  the  slit. 
The  glass,  however,  would  not  stand  the  powerful  sparks,  and  even- 
tuallj  soapstone  was  substituted.  In  a  block  of  soapstone  a  cavity 
is  formed  in  the  shape  of  a  Fliicker's  tube,  i,  e,  two  chambers  con- 
nected by  a  narrow  passage,  and  one  side  of  the  latter  is  cut  away 
80  as  to  form  a  narrow  chink  directed  towfurds  the  slit  of  the  spec* 
iTOscope.  The  electrodes  (one  of  them  being  of  iron)  are  intro- 
duced into  the  two  chambers,  which  form  reservoirs  of  intensely 
heated  air,  and  thus  keep  up  the  incandescence.  With  this  arrange- 
ment sufficient  bngfatness  of  spark  was  obtained  to  allow  of  the  use 
of  a  large  dispersion  with  a  spectroscope  having  two  bisulphide-of- 
carbcm  prisms,  with  a  collimator  of  26  inches  and  telescope  or  pro- 
jecting lens  of  6  feet  6  inches.  Thus  photographs  had  been  obtained 
on  four  times  the  scale  of  those  published  in  1877.  The  latter  were 
2  indies  in  length  from  Q  to  il,  whilst  those  now  exhibited  were 
8  inches,  or  half  the  scale  of  Angstrom's  chart.  The  difficulties  to 
be  encountered  may  be  appreciated  from  the  fact  that  the  light  ob- 
tained even  with  these  powerful  appliances  is  only  equal  to  that  of 
a  single  candle  iUuminaiing  a  slit  of  i-iooth  inch,  and  Uiis  is  en- 
f eebleid  by  being  spread  out  into  a  spectrum  more  than  2  feet  long. 
Per  Uie  spectara  of  metals,  tibe  spans  taken  close  to  ihe  electrode 
was  foima  to  be  sixty  times  as  bnght. 

^  Dr.  Draper  then  described  on  the  black-board  the  ammg^nent  of 
his  appara&s,  in  which  the  spark  taken  in  the  soapstone  ^'  com- 
piresser  "  was  placed  close  in  front  of  the  slit,  which  is  i  inch  long, 
and  the  Sun's  rays  thrown  by  a  heliostat  on  a  compiwon-prism  so 
as  to  give  a  spectrum  just  above  that  of  air.  The  apparatus  was 
adjusted  till  the  coincidence  of  the  iron  lines  in  the  spark  and  solar 
spectra  was  perfect,  for  any  slight  derangement  would  cause  an 
apparent  shift  of  the  Unes. 

Dr.  Draper  handed  round  two  of  his  original  negatives,  and  dis- 
tributed a  number  of  enlarged  photographs  20  inches  long,  showing 
the  solar  spectrvaa  from  bebw  G*  to  beyond  A,  and  the  bright  lines 
of  oxygen  and  iron  below. 

Dr.  IHraper  having  resumed  his  seat  amidst  the  applause  of  the 
Meeting,  the  C%Airman  said  it  was  hardly  necessary  to  express  to 
him  tiie  thanks  of  the  Society  for  his  interesting  paper. 

Mr,  Barnard,  After  the  reception  given  to  Dr.  Draper,  I  do  not 
think  I  need  say  anything  about  the  importance  of  the  research  which 
he  has  undertaken.  He  has  opened  for  us  a  method  of  studying 
the  simifieation  not  merely  of  the  dark  lines  of  the  solar  spectrum, 
but  of  the  interspaces  between  them.  When  Dr.  Draper  sent  over 
his  former  photographs,  which  were  on  a  much  smaller  scale,  I 
thou^t  that  the  probability  of  the  proposition  which  he  had  laid 
down  was  very  greEit  indeed,  amounting  to  some  thousands  to  one ; 
but  I  should  like  to  point  out  how  enormously  the  probability  has 
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been  increased  by  bis  more  recent  experiments.  If  he  has  increased 
the  dispersion  four  times,  he  has  not  merely  increased  the  proof 
four  times,  but  he  has  increased  the  value  of  every  coincidence  that 
he  shows  four  times.  On  looking  at  the  smaller  glass  photo- 
graphs, which  show  the  coincidences  much  more  sharply  than 
those  which  have  been  passed  round,  I  counted  i8  oxygen  lines ; 
and  therefore  the  increase  of  probability  on  the  present  occasion  is 
as  4**  to  I ,  a  very  enormous  number,  thousands  of  millions  to  one. 
There  are  two  or  three  ways  of  looking  at  the  probability  of  the 
proposition  which  Dr.  Draper  has  laid  down,  namely,  that  the 
bright  lines  of  oxygen  coincide  with  the  bright  lines  in  the  solar 
spectrum.  In  the  first  place,  it  will  be  found  that  in  no  case  does 
a  bright  line  of  oxygen  coincide  with  a  dark  line*.  If  the  lines 
were  thrown  down  at  random  on  the  spectrum,  the  chance  that  all 
the  lines  should  lie  opposite  to  bright  parts  or  interspaces  between 
dark  lines  of  the  solar  spectrum  would  depend  on  the  total  breadth 
of  the  dark  lines  of  the  solar  spectrum  compared  with  the  total 
length  of  the  spectrum.  As  seen  with  a  high-dispersion  spectro- 
scope, I  should  think  oue  would  be  quite  safe  in  estimating  that 
there  is  a  greater  breadth  of  dark  lines  than  of  bright  lines  ;  and 
therefore  the  chance  of  any  one  Kne  falling  opposite  to  a  dark  inter- 
space is  more  than  one  half ;  and  that  i8  lines  should  all  fall  oppo- 
site bright  spaces,  and  none  fall  opposite  dark  spaces,  would  be 
more  than  2**  to  i,  a  ^'ery  high  number  indeed.  In  addition  to 
this,  there  is  the  fact  that  the  bright  lines  are  certainly  proportional 
in  their  brightness  to  the  bright  spaces  opposite  to  which  they 
come ;  in  some  cases  very  strikingly  so.  I  would  especially  draw 
attention  to  the  group  of  four  fines  close  together;  three  of 
these  are  oxygen  ;  and  it  will  be  seen  that  their  relative  brightness 
corresponds  very  exactly  with  the  relative  brightness  of  the  corre- 
sponding interspaces.  It  will  be  noticed  that  some  of  the  bright 
lines  of  oxygen  do  not  appear  to  be  quite  of  the  same  breadth  as 
the  bright  interspaces ;  but  this  is  no  objection  whatever  to  the 
theory  of  Dr.  Draper;  for  there  may  be  other  bright  lines  in  the 
Sun,  lying  side  by  side  with  the  oxygen  lines,  which  are  as  yet  not 
matched  with  the  bright  lines  of  any  other  non-metaUic  body.  Then 
it  will  be  noticed  that  the  sharpness  of  the  edges  is  not  in  each  case 
precisely  the  same ;  but  it  must  be  remembered  that  the  solar 
spectrum  is  seen  after  having  been  absorbed  and  altered  by  its 
course  throueh  the  atmosphere  here  and  through  the  solar  atmo- 
sphere, and  difPerent  parts  of  it  require  different  photographic  ex- 
posures to  bring  them  out.    If  after  the  examination  of  the  photo- 

*  [This  statement  is  not  in  accordance  with  fact.  At  least  two  of  the  oxygen 
lines,  as  shown  in  Dr  Draper's  large  photograph,  fall  on  dark  lines  in  the  solar 
spectrum;  another  is  so  nearly  coincident  with  a  dark  line,  that  -microme- 
trical  measurement  of  the  original  negatives  alone  can  decide  whether  the  coin- 
cidence is  sensibly  perfect;  and  there  are  several  other  cases  which  are  at  least 
doubtful.  Mr.  Banyard's  calculation  of  probabilities,  being  baaed  on  these  and 
other  unwarranted  assumptions,  thus  falls  to  the  ground. — En.] 
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graphs  any  body  has  any  doubt,  I  think  Dr.  Draper  would  be  yery 
much  obliged  if  they  would  state  their  doubts,  and  give  him  an  op- 
portunity of  removing  them. 

Mr.  Christie,  Dr.  Draper  has  very  kindly  given  me  an  opportu- 
nity of  examining  his  very  beautiful  photographs ;  and  I  cannot  help 
expressing  very  great  admiration  at  the  splendid  results  which  he 
has  obtained  in  this  research.  (Applause.)  He  has  produced  photo- 
graphs of  the  spectrum  of  oxygen  which  certainly,  so  far  as  my 
rather  limited  acquaintance  with  the  subject  goes,  are  far  supe- 
rior to  any  thing  that  I  have  seen ;  but  that  is  quite  another  ques- 
tion from  proving  the  existence  of  bright  lines  of  oxygen  in  the 
Sun.  I  am  afraid  it  is  a  very  difficult  question  which  he  has  got 
to  tackle  ;  and  certainly  if  it  could  be  proved,  I  think  these  photo- 
graphs would  go  a  very  long  way  towards  it.  I  do  not  see  myself, 
as  he  has  expressed  it,  that  very  much  more  is  to  be  done  in  the 
matter ;  but  I  am  sorry  to  say,  at  the  same  time,  that  there  appears 
to  me  rather  a  hopeless  prospect  in  view,  because  we  are  placed 
face  to  face  with  a  very  great  difficulty.  Dr.  Draper  was  very  kind 
in  explaining  to  me  his  views  on  the  point ;  and  he  did  not  at  all 
shirk  the  difficulties  of  the  case,  I  nope  X  may  be  justified  in 
alluding  to  the  points  merely  for  the  sake  of  getting  at  the  truth, 
and  trying  to  find  out  what  the  real  state  of  the  case  is.  (Hear, 
hear !)  According  to  Dr.  Draper's  view,  I  believe,  the  solar  spec- 
trum is  composed  of  a  continuous  spectrum  with  dark  absorption- 
lines  and  also  of  bright  lines  on  it.  The  ordinary  idea  was  that 
we  had  to  deal  with  a  continuous  spectrum  with  dark  absorption- 
lines,  and  there  was  sufficient  difficulty  in  determiniog  its  cha- 
racter ;  but  when  we  come  to  superposing  on  it  bright  lines  cid 
Ubiium,  when  we  find  that  we  cannot  distinguish  in  the  solar  spec- 
trum the  brightness  of  those  bright  lines  from  the  general  bright* 
ness  of  the  spectrum,  it  is  evident  that  the  problem  becomes  much 
more  complicated.  I  do  not  wish  to  express  any  opinion  one  way 
or  the  other.  I  am  in  the  position  of  a  sceptic;  and,  so  far,  it 
is  a  very  unpleasant  position  perhaps  to  take  up  ;  but  still  it  is  the 
true  scientific  position  imtil  the  thing  is  proved  and  established. 

Now,  taking  the  position  of  a  sceptic,  I  examine  these  beautiful 
photographs  and  look  at  the  question  of  coinddencea,  in  which  cer- 
tainly there  is  great  difficulty.  Dr.  Draper  has  followed  the  bright 
Unes  of  oxygen  from  the  oxygen  spectrum  down  on  to  the  Sun ; 
and  in  that  way  I  fully  admit  that  opposite,  or  nearly  opposite, 
every  bright  line  of  oxygen  you  can  trace  a  space  in  the  Suu,  which 
is  either  free  or  else  occupied  by  a  very  faint  dark  line  which  is  not 
very  striking.  But  if  you  start  with  the  solar  spectrum  and  try  to 
pick  out  the  bright  lines  of  oxygen,  I  think  Dr.  Draper  will  admit 
that  there  is  great  difficulty.  He  gets  over  this  difficulty  by  saying 
that  besides  the  oxygen  lines  there  are  other  bright  lines^-which  is  a 

Perfectly  legitimate  explanation ;  but,  at  the  same  time,  until  we  have 
etermined  those  other  bright  lines  we  can  hardly  consider  that  the 
existence  of  any  bright  lines  at  all  is  proved. 
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The  difficulty,  as  it  strikes  me  at  the  present  moment,  is  this — 
we  have  in  some  cases  a  tolerably  broad  interspace  between  the  two 
dark  lines  in  the  Sun,  which  is  sensibly  of  a  uniform  tint.  Opposite 
one  portion  of  that  space  there  is  a  bright  line  of  oxygen ;  but  the 
coincidence  cannot  be  established  with  very  great  certainty  on  ac^ 
count  of  the  difficulty  of  instrumental  adjustment.  But  there  re- 
mains, so  far  as  our  present  condition  of  experimentation  goes, 
another  part  of  the  space  which  is  unappropriated,  the  remainder 
of  that  space  being  equally  bright ;  and  we  have  got  to  account  for 
that  in  some  way.  If  it  is  not  the  continuous  l^kground  of  the 
spectrum,  it  must  be  a  bright  line  of  some  other  substance.  But 
there  is  the  difficulty  that  the  substances  at  our  disposal  are  rather 
limited.  And  on  account  of  the  changes  in  the  spectrum,  induced 
by  the  increased  temperature  necessary  to  get  a  sufficiently  bright 
light.  Dr.  Draper  has  found  it  practically  impossible  to  apply  the 
same  reasoning  to  other  substances ;  at  any  rate  he  has  not  done  so 
at  present.  So  that  at  the  present  time  we  are  in  this  position — 
we  have  a  number  of  lines  of  oxygen,  which  by  hypothesis  do 
not  coincide  \^'ith  any  of  the  principal  dark  lines  upon  the  Sun, 
because  it  has  been  recognized  by  most  spectroscopists  that  there 
are  no  coincidences  established  between  the  dark  lines  in  the  solar 
spectrum  and  the  bright  lines  of  oxygen ;  from  which  it  follows  that 
the  bright  lines  of  oxygen  must  fall  somewhere  or  other  on  the  in- 
terspaces between  the  dark  lines.  The  whole  question  turns  upon 
this — ^whether  these  bright  lines  of  oxygen  fill  up  these  interspaces 
completely,  and  fall  exactly  in  the  middle  of  them,  or  whether  they 
do  not,  and  also  whether  the  interspaces  have  the  same  general 
character  of  gradating  towards  the  edges  as  the  oxygen  lines  do. 
Dr.  Draper  meets  the  objection  of  absence  of  fuzziness  at  the  edge 
by  saying  that  the  edges  are  cut  ofE  by  the  dark  lines ;  but  there 
may  be  some  difficulty  in  accepting  that  hypothesis ;  for  on  calcu- 
lating the  probability  that  a  fine  dark  line  should  in  every  case  fall 
in  exactly  the  right  place  to  cut  off  the  edges,  we  should  find  it 
very  small  indeed.  I  think,  however,  the  theory  of  probabilities 
is  very  dangerous  in  cases  of  this  kind,  for  it  is  apt  to  cut  either  way. 
You  have  only  got  to  make  .your  assumption  to  suit,  and  by  a  little 
slippery  reasoning  you  bring  out  the  result  you  desire  to  airive  at. 
My  only  object  in  making  these  remarks  is  to  point  out  the  great 
difficulties  which  beset  the  question,  without  expressing,  however, 
any  opinion  on  it.  And  really  when  I  come  to  look  at  it  in  that 
point  of  view,  it  seems  to  me  that  if  we  accept  this  theory,  that  the 
solar  spectrum  is  made  up  of  a  continuous  background  with  dark  lines 
and  bright  lines  on  it,  we  shall  not  be  able  to  establish  any  thing 
whatever  about  the  solar  spectrum.  We  cannot  assert  that  there 
are  dark  L'nes  corresponding  to  the  ordinary  accepted  lines  of 
metals,  because  they  may  be  simply  interspaces  between  the  bright 
lines,  and  we  shall  be  completely  in  a  fog  about  it.  That,  as  it 
strikes  me,  is  the  present  state  of  our  knowledge.  In  order  that  we 
may  advance  beyond  it,  I  think  it  is  desirable  that  the  ground  should 
be  cleared,  and  therefore  we  should  have  this  point  discussed  and 
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biAj  considered  as  to  what;  we  are  ix>  look  upon  as  the  true  state 
of  the  solar  spectrum. 

Mr.  Proeior.  There  are  (me  or  two  points  which  I  am  not  sure 
that  Mr.  Christie  has  taken  fullj  into  account ;  one  of  which  is  the 
eridence  derived  from  the  utter  absence  of  anj  dark  lines  corre* 
spondingexactlj  with  one  of  those  bright  oxygen  lines  [see  note, 

?.  SS],  With  regard  to  the  general  chamcter  of  the  solar  spectrum, 
should  very  much  like  to  hear  the  opinions  of  those  who  have 
studied  the  matter,  especially  of  one  or  two  who  are  present  to- 
night as  visitors,  as  to  the  way  in  which  the  solar  spectrum  is  really 
constituted.  It  seems  to  me  that  the  idea  that  there  is  a  simple 
continuous  background  is  one  for  which  we  have  no  evidence. 
An  the  evidence  we  have  tends  to  show  that  the  solar  spectrum  is 
made  up  of  a  number  of  gaseous  spectra  (that  is  to  say,  of  dements 
in  a  gaseous  state),  some  of  them,  owing  to  the  intensity  of  the  heat, 
having  brood  bands  instead  of  narrow  well-defined  lines.  That,  I 
think,  is  the  nature  of  the  background.  I  am  not  siure  whether 
many  have  considered  the  bearings  of  the  research  by  Mr.  Croll 
of  Glasgow,  as  to  the  evidence  whidi  the  Earth  affords  us  of  the  age 
of  the  Sun.  It  appears  from  that  evidence  that  the  Sun  must  have 
been  at  work  for  more  than  80  millions  of  years,  whereas  the  whole 
amount  of  force  that  the  Sun  could  have  cferived  from  contracting 
to  the  present  size  of  its  photosphere  would  suffice  for  barely  20  mil- 
lions of  years  at  the  present  rate  of  giving  out  energy.  There  is  one 
way  of  getting  over  this  difficulty,  viz.  that  the  Sun  has  been  formed 
by  the  conflict  of  several  stars  whidi  were  originally  rushing  through 
space  with  enormous  velocity ;  but  I  am  not  inclined  to  accept  this 
view.  I  think  rather  that  we  must  suppose  the  Sun  to  be  greatly 
compressed  at  the  centre,  and  the  real  mass  to  lie  far  below  the 
photosphere.  Not  only  have  we  to  study  what  there  is  at  the  sur- 
face, but  for  thousands  and  tens  of  thousands  of  miles  below  the 
surface.  We  have  to  penetrate  by  spectrum  analysis  to  these 
gaseons  depths.  It  seems  to  me  that  the  evidence  obtained  by  Dr. 
Draper  points  to  this,  that  oxygen  is  so  important  an  element  of 
the  Sun,  and  constitutes  so  enormous  a  part  of  the  l^un's  mass, 
that  its  apectrum  prevails,  so  to  speak^  over  all  the  other  gaseous 
spectra,  and  indicates  its  presence  by  a  coincidence  of  the  lines 
which  the  oxygen  is  able  to  emit  with  the  bright  part  of  the  solar 
spectrum.  IE  so,  it  would  be  almost  hopeless  to  seek  for  the  evi- 
dence as  to  any  other  elements  from  their  bright  lines.  It  seems 
to  me  that  there  is  an  utter  absence  of  any  negative  evidence. 
.There  is  no  case  where  a  dark  line  of  the  solar  spectrum  agrees 
with  a  bright  line  of  oxygen  ;  and  that  affords,  to  my  mind,  very 
strong  evidence  in  favour  of  Dr.  Draper*s  conclusion. 

Dr,  Oladitone,  1  have  listened  with  the  very  greatest  attention 
to  Dr.  Draper's  interesting  paper,  and  have  looked  at  those  remark- 
able photographs  of  his.  At  first  when  the  photographs  came  over 
about  two  years  ago  I  was  not  convinced  by  them :  my  mind  re- 
mamed  in  a  state  of  suspended  judgment.  Certainly  this  increase 
of  power  which  has  been  given  to  the  instrument,  producing  results 
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of  much  greater  beauty  and  size,  has  very  largely  indeed  increased 
the  evidence  in  favour  of  this  being  a  real  coincidence.  Whilst, 
however,  I  would  not  go  so  far  as  to  express  a  strong  opinion  that 
no  other  explanation  of  the  phenomena  is  possible,  I  do  not 
think  that  Mr.  Christie's  objections  to  them  will  altogether  hold 
water.  Of  course  there  is  the  great  question,  which  has  been 
alluded  to,  as  to  the  nature  of  the  solar  spectrum — ^whether  it  is  a 
bright  background,  comins  of  course  from  incandescent  solid  or 
liquid  bodies,  crossed  by  those  dark  absorption  lines,  or  whether 
there  is  a  mass  of  bright  lines,  perhaps  very  broad,  crossed  by  those 
finer  dark  absorption  lines.  I  do  not  know  that  we  can  be  very 
positive  upon  the  matter.  I  am  not  at  all  disposed  to  give  up  the 
idea  that  we  have  a  continuous  bright  spectrum  throughout  under 
those  dark  lines ;  but  is  it  not  certain  that  we  have  bright  lines  as 
well  as  dark  lines  ?  I  do  not  say  this  because  of  their  appearance, 
that  may  deceive  us  ;  but  we  know  that  if  we  look  at  the  edge  of 
the  Sun  we  see  the  hydrogen  lines  bright,  and  we  see  sometimes 
the  magnesium,  and  the  sodium,  and  the  iron  lines,  and  so  on. 
When  we  look  at  any  other  part  of  the  Son  it  stands  to  reason  that 
we  shall  be  looking  upon  a  certain  amount  of  brightness  which  will 
at  the  same  time  unquestionably  overlap  the  dark  absorption  lines. 
We  see  that  it  is  so  in  spectroscopic  observations  of  the  spark  ;  so 
there  is  no  doubt  that  that  difficulty  which  Mr.  Christie  has 
alluded  to  actuaUy  does  exist  to  a  certain  extent ;  and  yet  I  do  not 
think  that,  after  all,  it  would  throw  our  positive  knowledge  into  such 
utter  confusion ;  because,  however  much  of  the  bright  part  of  the 
solar  spectrum  was  due  to  bright  bands  superposed  one  upon 
another,  I  should  have  no  doubt  of  the  existence  of  magnesium 
vapour  in  the  atmosphere  of  the  Sun  from  the  evidence  of  the 
h  Unes.  Of  course  the  fact  that  there  are  difficulties  is  of  no  foree 
as  an  argument  against  the  truth  or  falsehood  of  an  hypothesis. 

There  is,  however,  one  point  which  I  should  like  to  allude  to.  It 
has  appeared  to  me  that,  if  we  are  dealing  with  a  gas  like  oxygen, 
it  is  very  strange,  seeing  there  is  an  enormous  gaseous  envelope 
round  the.  Sun,  that  we  do  not  find  evidence  of  this  gas  entering  . 
it  as  hydrogen  does  ;  for  in  that  case  the  oxyfi;en  lines  should  be 
seen  sometimes  in  the  chromosphere.  It  was  ot  course  understood 
that  this  was  not  the  case,  and  this  used  to  appear  to  me  a  serious 
objection  to  the  theory.  Dr.  Draper  has  explained  that  he  has  looked 
for  them  and  he  cannot  find  them.  He  is  going  to  look  again  and 
see  if  he  cannot  find  those  bright  oxygen  hues  appearing  at  the  edge 
of  the  Sun ;  but  if  he  looks  he  will  probably  not  find  them,  for^ 
the  very  reason  why  they  appear  as  bright  lines  at  all  in  the  solar 
spectrum.  The  fact  is,  the  oxygen  must  be  far  down  in  the  Sun, 
and  must  not  extend  high  up,  else  the  oxygen  in  the  cooler  parts 
of  the  atmosphere  would  appear  as  dark  lines  and  not  as  bright  lines. 
For  a  thing  to  appear  as  a  bright  line  and  never  as  a  dark  line 
means  this,  that  it  really  exists  down  below  those  great  clouds  of 
condensing  vapours  of  iron,  magnesium,  and  other  things  which  we 
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8n{^K)8e  to  be  upon  the  surface  of  the  Sun.  Now  haye  we  any 
reason  to  suppose  that  the  oxygen  would  never  get  up  above 
them  ?  It  appears  to  me  probable.  When  we  consider  oxygen  gas 
passing  through  those  iron  vapours  at  that  temperature  the  oxy- 
gen would  seize  upon  the  iron,  and  the  iron  would  fall  down  as 
oxide,  and  no  oxygen  would  ever  rise  through  these  magnesium 
and  other  vapours  into  the  upper  part  of  the  solar  atmosphere. 

Dr.  Huggins,  Though  the  Society  has  received  the  communication 
from  Professor  Draper  with  such  cordiality,  still  I  think  it  may  not  be 
amiss  for  me  to  call  attention  to  the  extremely  honest  and  thorough 
way  in  which  Dr.  Draper  s  investigations  have  been  carried  out. 
(Hear,  hear !)  I  had  the  great  pleasure  of  his  company  in  my  house, 
and  I  went  thoroughly  with  him  into  the  details  of  his  experiments, 
and  I  was  really  overwhelmed  with  the  extreme  amount  of  careful 
and  cautious  experimental  arrangement  which  he  has  brought  to 
bear  upon  the  subject ;  and  on  that  account  I  think  it  behoves  us 
to  receive  his  results  with  the  greatest  attention.  Personally,  I  con- 
fess, I  must  ask  to  be  allowed  to  suspend  my  judgment  a  little 
longer.  If  the  Sun  had  favoured  us  more  than  it  has  done  during 
the  last  few  months,  I  might  perhaps  have  got  some  light  upon  the 
subject.  I  have  now  a  very  powerful  spectroscope  with  a  very  fine 
crating  ruled  by  Mr.  Eutherf  urd's  machine,  and  an  especially  suitable 
Form  of  collimator  and  photographic  arrangements ;  and  if  we  had 
only  bad  the  Sun  I  should  have  been  able  myself  to  have  investigated 
this  part  of  the  spectrum.  It  may  be  perhaps  a  misfortune  on  my 
part  to  be  of  a  temperament  which  iu  such  cases,  especially  in  the 
department  of  physics  in  which  I  have  worked  myself,  makes  me 
to  wish  to  look  into  the  subject  personally.  I  must  say  that  before 
expressing  a  decided  opinion  either  for  or  against  the  existence  of 
oxygen  in  the  Sun,  I  snould  like  to  have  the  opportunity  of  a  little 
sunshine  on  the  matter.  But  I  do  think  that  whatever  view  we 
take  we  should  be  thoroughly  impressed  with  the  extremely  honest, 
cautious,  and  thorough  way  in  which  Dr.  Draper  has  carried  out 
his  experiments.    (Hear,  hear !) 

Mr.  Proctor.  These  results  are  not  what  are  sometimes  called 
observations,  but  what  the  photographic  eye  has  detected  for  us. 
I  think  even  the  most  cautious  cannot  look  at  them  without  feeling 
that  they  are  more  than  mere  descriptions  of  an  observer. 

CapU  Nolle.  It  certainly  does  seem  to  me,  looking  at  these 
photographs  impartially,  that  if  we  are  to  deny  the  evidence  sup- 
plied by  some  of  these  coincidences,  and  notably  by  this  group  of 
four  lines  in  one  part,  and  another  in  another — if  we  are  to  accept 
Mr.  Christie's  dicta  in  their  integrity,  all  evidence  of  the  existence 
of  elements  in  the  Sun  derived  from  coincidences  must  be  worthless, 
and  we  are  reduced  to  the  intellectual  condition  of  the  negro  meta- 
physician, who  said 

"  Supposing  I  was  you. 

And  supposing  you  was  me, 
And  Buppoeinff  we  both  were  somebody  else, 

I  wonder  who  we  should  be;" 
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and  that,  in  troth,  we  have  no  positire  evidenee  whatever  for  the 
existence  of  a  single  element  in  the  Sun. 

Mr,  Banyard.  In  answer  to  one  or  two  objections  raised  by 
Mr.  Christie,  I  should  like  to  say  a  few  words.  I  understood  him 
to  say  that  there  were  a  good  many  bright  spaces  which  were  not 
matched.  I  should  like  to  remind  him  how  many  daric  lines  there 
are  which  are  not  matched.  Many  more  than  three  fourths  of  the 
dark  lines  have  never  been  matched  with  any  bright  lines  of  metallic 
elements.  And  as  to  some  bright  lines  falling  opposite  interspaces 
which  are  broader  than  the  bright  lines,  he  seemed  to  think  that 
the  probability  was  very  great  indeed  against  there  being  two  bright 
lines  undistinguishable  in  brightness  close  together  upon  the  solar 
Bpectrum.  There  is  a  point  in  connexion  with  this  which  should 
be  taken  into  account,  viz.  that  the  bright  parts  of  Dr.  Draper's 
photographs  are  very  much  over-exposed,  and  consequently  small 
gradations  of  brightness  will  be  obliterated — that  is  to  say,  vou  might 
be  able  to  see  a  difference  of  brightness  between  two  bright  lines 
by  the  eye,  and  not  in  the  photograph.  Then  he  seemed  to  assume 
that  if  you  begin  the  other  way  you  ought  to  find  the  brightest 
part  of  the  spectrum  mat<jhing  with  the  oxygen  lines ;  but  this 
assumes  that  oxygen  gives  brighter  lines  than  any  other  element  in 
the  Sun.  We  have  no  reason  to  know  that  oxygon  gives  the 
brightest  lines.  With  regard  to  the  probability  of  there  being  a 
continuous  background  to  the  solar  spectrum,  I  should  like  to 
remark  that,  as  far  as  I  am  aware,  all  gases  give  out  a  faint  con- 
tinuous spectrum  as  well  as  bright  lines.  Theoretically  this  mua* 
be  so ;  for  however  rare  the  ga?  may  be,  after  the  impact  of  two 
molecules  there  will  be  a  certain  time  during  which  all  wave-lengths 
are  given  out.  So  that,  however  much  the  pressure  may  be  reduced 
there  will  be  a  continuous  spectrum  corresponding  to  the  time 
immediately  after  impact.  This  continuous  spectrum  becomes  very 
faint  compared  with  the  brightness  of  the  lines  as  the  pressure  is 
reduced ;  but  it  seems  probable,  from  mere  primd  facie  reasoning, 
that  if  the  Sun  is  a  purely  gaseous  body  at  the  height  of  the  pho- 
tosphere (that  is,  in  the  parts  we  see),  there  will  be  a  faint  con- 
tinuous spectrum  which  may  be  interfered  with  by  absorption,  and 
the  spectrum  may  also  be  added  to  by  bright  lines  given  out,  either 
from  a  lower  depth  or  from  a  greater  height.  We  have  evidence 
that  the  same  element  at  various  heights  iu  the  Sun  gives  a  spectrum 
in  which  the  relative  brightness  of  the  different  parts  varies  greatly. 
Thus  we  know  that  in  the  corona  the  1474  line  is  mudi  the 
brightest  of  the  bright  lines,  whereas  we  know  that  when  the  1474 
line  is  seen  in  the  absorption  spectrum  it  is  relatively  a  much 
fainter  line ;  and  that  may  be  the  case  with  the  other  elements  which 
giA'e  bright  lines,  but  does  not  appear  to  be  so  with  oxygen. 

Mr,  Christie,  With  regard  to  the  question  of  coincidences, 
every  thing  turns  upon  the  exactness  of  the  coincidence ;  and 
whether  these  coincidences  are  actually  admitted  or  not,  I  for  one 
am  not  prepared  on  the  spur  of  the  moment  to  admit  that  they  are 
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hj  any  meaziB  perfect,  or  that  there  are  no  ooinddencefi  with  daric 
lines.  On  looking  at  the  photograph  I  should  say  that  there  are 
eoincidenoes  witiisome  of  the  dark  lines ;  but  I  i^mit  that  that  is  a 
matter  o(  judgment,  and  I  should  be  very  sorry  to  express  a  decided 
opinion  either  way.  As  Mr.  Banyard  has  said  there  are  some  per- 
oeptiUe  differences  of  intensity  which  photography  cannot  represent, 
I  would  simply  wish  to  ask  him  whether  he  has  examined  the 
spectrum  with  his  eye  and  found  that  to  be  the  fact.  There  is  one 
particular  part  in  the  neighbourhood  of  G  which  I  have  both 
examined  and  photographed,  and  I  find  that  the  photograph  gives, 
as  nearly  as  possible,  the  same  representation  as  appears  to  the 
eye ;  that  is,  that  the  whole  space  is  of  equal  intensity.  I  do  not 
tibink  myself  that  there  is  much  difference  between  the  photograph 
and  the  eye  in  limited  portions ;  but  the  object  of  my  remarks  was 
rather  to  clear  the  ground,  and  to  point  out  what  it  is  that  we  are 
assuming  when  we  predicate  the  existence  of  oxygen  as  giving 
bright  lines  in  the  Sun — not  as  disposing  of  the  theory,  but  merely 
as  pointing  out  the  difficulties  that  we  have  to  face,  in  order  that 
they  may  be  fairly  met,  and  that  we  may  consider  the  matter  from 
this  rather  novel  point  of  view.  I  should  be  very  sorry  to  pr^ 
judge  the  question  in  any  way. 

Mr.  Capron.  I  would  ask  Dr.  Draper  whether  he  has  tried  any 
experiments  with  the  tube-spectrum. 

Dr.  Draper,    A  very  great  many. 

Mr,  Capron.  The  question  seems  rather  complicated  in  this 
way,  that  we  cannot  deal  with  the  spark-spectrum  with  any  cer- 
tainty— ^in  feet,  we  might  have  reason  to  presume,  on  the  contrary, 
that  the  spark  taken  in  air  would  hardly  agree  with  the  spark,  sup- 
posing we  could  take  it,  near  the  Sun's  body.  I  mention  this 
because  I  have  photographed  side  by  side  two  spectra,  one  a  tube- 
spectrum  of  hydrogen,  and  the  other  a  spark-spectrum  of  air.  The 
tube-spectrum  of  hydrogen  showed  four  hydrogen  lines  perfectly 
sharp  and  distinct,  but  only  one  of  those  Hues  was  represented  in 
the  spark-spectrum.  So  that  it  is  perfectly  possible,  as  it  seems  to 
me,  that  certain  lines  may  be  absent  in  one  or  the  other  spectrum. 
We  know  that  that  would  probably  be  the  effect,  and  certainly 
that  these  lines  might  be  present  or  absent  according  to  the  cir- 
cumstances of  pressure  and  density — circumtances  tluit  effect  the 
medium  through  which  the  spark  is  taken. 

Dr,  Draper.  In  answer  to  the  last  remarks,  I  would  say  I  have 
iaken  the  oxygen  spark-spectrum  under  a  good  many  different 
circumstances.  I  began  originally  with  tubes  containing  such 
compounds  of  oxygen  as  carbonic  acid  and  the  like ;  but  the  difficulty 
with  those  is  that  you  are  limited  to  rather  a  small  dispersion, 
because  you  cannot  get  light  enough  to  use  a  very  large  apparatus. 
Then  the  difficulty,  in  consequence  of  having  an  iron  terminal  so 
as  to  be  sure  that  you  are  having  a  good  coincidence,  becomes  very 
serious.  I  wanted  to  be  sure  that  I  was  not  in  any  way  fitting  the 
one  spectrum  to  the  other,  but  that  the  coincidence  was  such  as 


Digitized  by 


Google 


76  Proceedings  at  Meeting  of  [No.  27. 

really  existed.  So  when  I  went  to  the  spark-Bpectrum  I  arranged 
a  contrivance  at  the  hack  that  would  enahle  me  to  retain  the  oxygen 
and  other  gases  between  the  terminals  ;  and  it  was  not  until  I  had 
made  a  great  many  of  these  experiments  that  I  became  satisfied 
that  oxygen,  as  it  is  present  in  the  air,  was  a  pretty  fair  exponent 
of  what  the  oxygen  spectrum  would  do.  It  seems  to  me  that 
oxygen  is  an  exceedingly  favourable  substance  for  a  research  oi  this 
kind,  for  its  lines  suffer  less  by  great  heat  and  great  pressure  than 
any  other  that  I  have  experimented  on.  I  might  extend  that  by 
saying  that  when  you  come  to  consider  the  exaggerated  pressure  in 
the  photosphere  of  the  Sun,  particularly  if  you  get  a  little  way  in, 
and  the  enormous  temperature,  you  must  expect  that  the  oxygen 
spectrum  may  be  modified  in  some  of  its  parts ;  certain  lines  may 
become  wider  or  narrower.  The  probability  is  that  with  increase 
of  pressure  you  would  fancy  that  the  spectrum  became  entirely 
continuous.  These  are  speculative  considerations.  The  part  which 
I  have  taken  is  this,  that  inasmuch  as  I  think  I  have  fairly  shown 
that  the  bright  lines  coincide  with  the  bright  spaces,  as  in  many 
cases  they  do,  the  minor  variations  that  exist  may  be  fairly  attri- 
buted to  such  a  change  of  condition  as  is  seen  in  the  Sun  compared 
with  the  spark  that  you  get  in  your  laboratory. 

A  remark  was  made  by  Dr.  Gladstone  that  probably  we  may  not 
succeed  in  finding  in  the  chromosphere,  even  in  a  very  low  layer 
of  it,  the  bright  lines  of  oxygen.  That  is  precisely  what  I  hope  it 
will  come  to.  I  am  going  to  look  as  hard  as  I  can.  I  should  like 
to  see  them  if  they  are  there,  but  I  shall  not  be  dissatisfied  if  they 
are  not. 

Mr.  Johnson  read  a  paper  describing  a  new  method  of  controlling 
the  driving-clock  of  an  equatoreal,  which  he  had  used  for  about 
three  months.  It  was  constructed  on  one  of  the  numerous  auto- 
matic systems,  and  though  not  so  perfect  as  the  one  which  Lord 
Lindsay  was  using,  was  very  cheap  and  very  useful  so  far  as  it 
went,  and  might  be  very  readily  applied  by  an  amateur. 

Mr,  Plummer,  of  .the  Oxford  Observatoiy,  read  a  paper  by  Pro- 
fessor Pritchard  on  the  photographic  semidiameter  of  the  Moon. 

Mr,  Christie.  Might  I  ask  Mr.  Plummer  what  is  the  mean  dis- 
cordance between  the  measures  on  the  separate  photogrf^phs  of 
any  one  well-defined  point  on  the  Moon  ?  It  would  be  a  matter  of 
some  interest  as  regards  the  accuracy  in  the  determination  of  the 
position  of  a  crater  with  reference  to  the  centre  of  the  Moon  from 
different  photographs. 

Mr.  Plummer.    The  mean  discordance  is  under  i". 

Mr.  Neison.  1  ask  permission  to  postpone  what  I  have  to  say 
upon  the  paper  which  Mr.  Plummer  has  read  until  a  subsequent 
Meeting  of  the  Society,  after  having  seen  it  in  print.  All  depends 
upon  the  measures  and  also  upon  the  means  which  have  been 
adopted  to  eliminate  the  very  great  systematic  errors  due  to  the 
fact  that  there  are  inequalities  in  the  Moon's  limb  which,  under  the 
same  conditions  of  libration,  invariably  present  themselves  in  the 
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same  manner,  and  so  tend  to  throw  very  great  systematic  errors 
on  the  determination  of  the  Moon's  diameter  taken  in  this  manner. 
I  should  be  glad,  therefore,  if  the  Society  would  allow  me,  at  the 
next  meeting,  to  say  something  further  upon  this  matter. 

Mr,  Badhouse  read  a  paper  '^  On  the  knowledge  of  the  Zodiacal 
Light  possessed  in  the  East  from  of  old." 

Mr,  Knobd.  With  regard  to  the  question  of  the  False  Dawn 
applying  to  the  zodiacal  light,  it  is  very  well  known  that  on  every 
Oriental  astrolabe  there  is  the  line  of  dawn,  and  that  line  is  marked 
about  an  hour  and  a  half  (unequal  hours)  before  sunrise ;  and  I 
should  like  to  ask  Mr.  Redhouse  if  that  means  the  line  of  the  False 
Dawn  or  of  the  True  Dawn ;  and,  further,  what  is  his  authority  for 
applying  the  terms  the  " False  Dawn "  and  the  "  Wolf's  Tail"  to 
the  zodiacal  light  ? 

Mr,  Redhouse,  The  astrolabe  only  gives  the  time  of  the  "  true 
dawn."  The  '*  wolf's  tail "  is  another  name  for  the  "  false  dawn  "  ; 
another  name  is  "  the  dark  stripe."  It  is  a  very  curious  thing  that 
what  is  called  the  "  wolfs  tail  '  is  in  the  French  language  called 
•*  chien  et  hup  J* 

Mr,  Downirig  gave  the  results  of  some  investigations  of  his  into 
the  Washington  refractions.  As  it  appears  from  recent  investiga- 
tions that  the  refractions  of  Bessel's  *  Tabulae  Eegiomontan® '  un- 
altered apply  fairly  well  to  the  Greenwich  observations,  it  became 
a  matter  of  interest  to  inquire  whether  the  N.P.D.'s  of  the  Wash- 
ington Catalogue,  which  have  been  reduced  with  the  refractions  of 
the  '  TabulfiB,'  are  in  accord  with  observations  made  in  the  southern 
hemisphere.  For  this  purpose  the  Washington  places  have  been 
compared  with  those  of  the  Cape  Catalogue  for  i860 ;  and  the  dif- 
ferences CapewtnM*  Washington  (for  large  zenith-distances)  are ; — 
for  Z.D.  75*  -^o"-8o,for  ZJ).  80°  -i"-o7,for  Z.D.  83^°  -i"-55, 
and  for  Z.D.  85!°  — 3*"85.  It  appears,  therefore,  that  the  tabular 
refractions  must  be  diminished  in  order  that  they  may  apply  to  the 
Washington  observations.  Now,  as  far  as  Z.D.  85°,  the  mean 
refractions  of  the  *Fundamenta'  are  those  of  the  '  Tabulae ' 
diminished  in  the  proportion  i  :  -996718;  and  by  substituting  the 
mean  refractions  or  the  *  Fundamenta/  the  discordances  are  reduced 
as  follows  :— at  Z.D.  75°  to  -o"-i3,  at  Z,I>,  80°  ~o"-i5,  at  Z.D. 
83^°  -o"-os,  and  at  Z.D.  85!°  -o"-62.  If,  then,  the  Washington 
K.P.D.'s  were  reduced  with  the  mean  refractions  of  the  'Funda- 
menta '  and  the  meteorological  corrections  of  the  *  Tabulae,'  they 
would  agree  sensibly  with  the  Cape  observations. 

As  far  as  can  be  judged  from  this  investigation,  then,  the  same 
refractions  do  not  apply  at  Greenwich  and  at  Washington ;  and  the 
difference  may,  perhaps,  be  explained  by  a  different  conformation 
of  the  atmosphere  in  the  very  different  situations  of  the  observa- 
tories. It  is  probably  impossible  to  frame  a  system  of  refractions 
suitable  to  every  locality.;  and  it  is  a  question  whether  all  great 
observatories  should  use  the  same  system  (an  arrangement  which 
gives  peculiar  facilities  for  comparison  of  results),  or  whether  each 
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observatory  should  use  its  own  system,  based  on  its  own  observa- 
tions, which  would  probably  give  a  close  approximation  to  the  true 
places  of  the  observed  objects. 

Mr,  Christie.  Mr.  Downing's  remarks  appear  to  me  to  be  ctf 
great  interest  and  great  importance,  because,  perhaps,  there  is 
nothing  of  greater  importance  at  the  present  time  in  mathematical 
astronomv  than  this  question  of  refraction.  But  I  do  not  know 
that  I  quite  agree  with  his  conclusion  that  we  must  suppose  that 
there  are  differences  in  the  refractions  at  different  places,  due  to  the 
conformation  of  land  and  water,  because  the  theory  of  refraction  is 
not  by  any  means  certain  when  we  get  to  those  low  attitudes  below 
75®  of  zenith-distance,  and  above  that  limit  the  systematic  error  of 
a  particular  circle  will  really  mask  any  uncertainty  that  may  arise. 
In  the  Greenwich  observations  there  are  similar  discordances  below 
82°  Z.D.,  showing  that  Bessel's  Tables  will  not  apply  at  Q-reenwidi 
throughout  from  the  zenith  to  the  horizon,  though  they  apply  &irly 
well  as  far  as  80°  Z.D.  It  is  therefore  not  quite  certain  that  the 
same  constant  of  refraction  will  not  apply  to  Greenwich  and  Wash- 
ington. 

Mr.  Knohel.  I  think  the  fact  that  Johnson  at  St.  Helena 
found  a  difference  in  the  refraction  north  and  south  of  the  zenith, 
according  as  he  observed  over  the  sea  or  over  the  land,  is  very  im* 
portant. 

Mr,  Neison.  It  is  well  known  that  the  approximations  intro- 
duced by  Bessel  did  appear  to  fail  when  he  got  as  far  as  -80''  Z.D. 
He  has  never  estimated  what  would  be  the  effect  of  the  omitted 
terms  in  the  api)roximations  used  by  him,  which  may  be  veiy  great 
at  very  low  zenith-distances.  And  besides  this,  we  have  to  deal 
with  aqueous  vapour ;  and  the  effect  of  that  is  so  different  from 
that  exerted  by  the  ordinary  atmosphere  that  until  this  is  calculated 
we  cannot  say  for  certain  that  the  tables  in  the  ^Fundamental 
would  really  apply  satisfactorily  to  greater  zenith-distances  than 
about  85°. 

Mr,  Green.  As  the  next  opposition  of  Mars  will  occur  before 
the  next  meeting  of  the  Society,  I  desire  to  call  the  attention  of 
the  Society  to  the  fact  that  it  will  be  the  most  fevourable  oppor- 
tunity for  many  years  of  examining  the  details  of  equatoreal 
continents. 

Mr.  Banvard,  1  have  a  paper  here  from  Mr.  Russell,  of  Sydney, 
on  the  modfel  of  a  working-clock  which  he  has  sent  us  over  from 
Australia,  giving  a  very  perfect  uniform  rotary  motion.  Mr.  Hilger 
will  show  this  clock  to  any  one  who  is  interested  in  the  matter 
after  the  meeting. 

Mr.  Talmage.  Mslj  1  ask  for  some  information  as  to  when  wo 
may  expect  the  *  Eclipse  Volume'  ? 

Mr.  Manyard.  It  will  be  out  before  the  end  of  the  long  vaca- 
tion. 

The  Bev.  D.  Ace  was  baUoted  for  and  duly  elected  a  Fellow. 
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The  fdlowing  papers  were  announced : — 

J.  TMiOt.  Obseryations  of  Brorsen's  Comet,  Pebruaiy  and 
March  1879. 

Dr.  T.  Oppolzer.  Determination  of  the  Longitudes  of  Berlin, 
Munich,  Leipzig,  Vienna,  Paris,  and  Pulkowa. 

C.  Carpmael.  On  the  values  of  the  constants  in  the  equation 
rA^'"^+rAr-i^*-^>+ +rA^'>+ +rAo-yx=o,  ob- 
tained by  the  method  of  least  squares,  from  the  n+i  values  of 
y,  when  a:s=o,  1,2 n;  n  being  greater  than  r. 

D.  GiU.  oil  the  value  of  the  Solar  Parallax  derived  from  the 
observations  of  Mars,  made  at  Ascension  during  the  opposition  of 
1877. 

O.  M,  Seahroke.  Spectroscopic  observations  of  the  motion  of 
Stars  in  the  line  of  sight,  made  at  the  Temnle  Observatory,  Eugby. 

E.  J,  Stone.  Note  on  the  Cape  Catalogue  of  12450  stars. 
(Extract  from  a  letter  to  the  Astronomer  Eoyal.) 

B.  H.  M,  Bosatiquet  and  Prof.  A.  H,  Sayce,  Preliminary  note 
on  the  Babylonian  Astronomy.    The  Babylonian  Calendar. 

A.  Marih.  Note  on  the  transit  of  the  Earth  and  Moon  across 
the  Sun's  disk,  as  seen  from  Mars  on  Nov.  12,  1879,  and  on  some 
kindred  phenomena. 

JUi\  J.  Pearson.    On  a  new  method  of  Mounting  an  Equatoreal, 

The  Meeting  adjourned  at  ten  o'clock. 


A  Tidal  Theanj  of  the  Evolution  of  Satellites. 

If  a  planet  were  formed  of  fluid  it  would  assume  a  spheroidal 
shape  under  the  influence  of  its  rotation ;  but  if  a  satellite  revolves 
in  a  circular  orbit  round  the  planet  in  the  plane  of  the  equator, 
tides  will  be  raised  in  the  planet  such  that  the  spheroid  will  be- 
come distorted  into  an  ^'psoid  with  three  unequal  axes,  and  the 
longer  axis  of  the  equator  will  always  be  directed  towards  the 
satellite.  Thus  the  shape  of  the  planet  revolves  along  with  the 
satellite,  whilst  each  particle  of  fluid  rotates  with  the  planet,  and 
has  therefore  to  ri9e  and  fall  twice  in  every  revolution  of  the 
planet  relatively  to  the  satellite. 

Now  suppose  that  at  any  instant  the  fluid  becomes  endowed 
with  friction ;  then  those  particles  of  fluid  which  happen  at  that 
instant  to  be  in  the  eqtiator^  protuberances  cannot  fall  so  quickly  as 
they  did  before  the  mction  began  to  act.  Thus  the  particles  linger 
in  the  protuberances  longer  they  than  should  do,  and  the  partides 
which  ought  to  be  rising  do  not  rise  so  quickly  as  they  should. 
The  obvious  consequence  of  this  is  that  the  equatoreal  protuber- 
ances and  depressions  are  carried  on  along  with  the  planet's  rota- 
tion, and  the  longer  axis  of  the  equator  now  points  in  advance  of 
the  satellite  in  its  orbit.    This  condition  is  perpetuated  as  long  as 
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tbe  friction  lasts.  Tides  of  this  kind  are  said  to  lag ;  and  the  angle 
of  lagging  may  be  defined  as  the  angle  between  the  longer  axis 
of  the  equator  and  the  direction  of  the  satellite. 

Another  result  of  the  supposed  internal  friction  or  viscosity  of 
the  fluid  is,  that  the  oscillations  of  the  particles  are  impeded,  and 
that  they  have  not  time  to  move  so  far  as  they  would  have  done 
without  friction.  Hence  if  the  fluid  be  viscous,  the  tides  not  only 
lag  but  are  reduced  in  height. 

A  calculation  of  the  effects  of  viscosity  shows  that  in  a  mass  like 
the  earth  we  must  suppose  an  enormous  degree  of  internal  friction, 
before  the  tides  are  much  reduced  or  lag  considerably.  Indeed  to 
have  much  effect  in  altering  the  tides,  the  matter  constituting  the 
planet  must  be  of  so  stiff  a  consistency,  that  it  would  be  called  a 
solid  for  ordinary  piirposes.  In  the  theory  of  which  I  am  here 
giving  a  short  account,  a  viscosity,  which  must  be  regarded  as  not 
at  all  great,  is  such  that,  if  we  conceive  a  slab  of  the  material  an 
inch  thick  to  have  one  of  its  faces  held  fixed,  whilst  to  the  other 
face  is  applied  tangentially  a  force  of  13  tons  to  the  square  inch, 
then  after  the  lapse  of  24  hours  the  upper  face  will  be  shifted  re- 
latively to  the  lower  through  -^  of  an  inch.  As  far  as  our  know- 
ledge of  the  interior  of  the  earth  goes,  it  might  quite  well  be  formed 
of  matter  of  a  stiffness  comparable  with  this.  There  is,  however, 
reason  for  believing  that  the  earth  is  now  very  much  more  rigid 
than  this ;  for  if  its  mass  yielded  tidally  to  any  great  extent,  then 
the  ocean  tides  would  be  largely  reduced ;  and  although  the  theory 
of  ocean  tides  is  as  yet  very  incomplete,  yet  we  know  that  the 
height  of  the  tides  cannot  be  very  much  less  than  it  would  be  on  a 
rigid  nucleus  *. 

Although  the  bodily  tides  are  probably  now  inconsiderable,  yet 
there  is  much  reason  to  believe  that  the  earth  was  once  a  hot  molten 
mass ;  and  therefore  it  is  probable  that,  in  the  course  of  its  cooling, 
the  materials  of  which  it  is  constituted  must  have  passed  through 
all  degrees  of  viscosity,  from  approximate  fluidity  to  its  present 
high  rigidity.  This,  therefore,  seems  to  justify  the  theory  of  which 
we  are  speaking. 

We  will  now  return  to  the  general  theory  of  a  viscous  planet  and 
its  satellite ;  and,  in  order  to  obtain  a  convenient  phraseology,  the 
planet  and  satellite  will  henceforth  be  spoken. of  as  the  earth  and 
moon. 

The  next  point  to  be  considered  is  one  in  which  the  lagging  of 
the  tides  shows  its  most  important  influence.  If  the  fluid  forming 
the  earth  were  frictionless,  the  equatoreal  protuberances  would  be 
in  a  straight  line  with  the  moon ;  but  in  consequence  of  the  friction 
they  are  not  in  that  line,  and  therefore  the  moon  exercises  forces  on 
the  protuberances  which  tend  to  bring  them  back.  Then  since 
the  protuberant  axis  of  the  equator  always  points  in  advance  of  the 

*  See  Sir  W.  Thomson's  inyestigatioii  of  elastic  tides  (Thomson  and  Tait'i 
Nat  Phil.},  and  my  paper  on  visoous  tides,  PhiL  Trans.  1879,  part  i. 
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moon,  tberefoi©  the  moon  is  always  ptfM^-day,  three  of  nearly  a 
earth's  diurnal  rotation,  and  conversely  the  etJiriod  of  the  moon  or 
rating  the  moon.  The  first  result  of  this  is  thafjie  diurnal,  and  the 
is  retarded.  The  second  effect  is  that  the  moont  the  "  lunar  semi- 
accelerated  ;  this  acceleration  clearly  will  prevent 
moving  in  a  path  of  so  sharp  a  curvature  as  bef ort^  rd^^e  to  attempt 
size  of  the  circle  described  by  the  moon  round  the  earth  is  ttq  affects 
ally  increasing.  But  then  the  moon  cannot  get  round  the  larg6i>e 
circle  so  quickly  as  round  the  smaller  one ;  and  hence  her  angular 
Telocity  is  retarded,  although  her  linear  velocity  is  augmented. 

The  two  results  are  therefore  a  lengthening  of  the  day  and  of 
the  month ;  in  the  present  state  of  the  earth  and  moou  the  rate  of 
alteration  of  the  day  would  be  a  good  deal  greater  than  that  of  the 
month. 

Now  a  terrestrial  observer,  who  did  not  know  that  the  earth  is 
not  a  perfect  time-keeper,  would  suppose  that  the  moon  was  being 
accelerated,  because  the  earth's  rotation  is  slackening ;  on  the  other 
hand,  a  part  of  this  apparent  acceleration  would  be  masked  by  the 
&ct  that  the  moon  is  really  going  slower.  On  the  whole,  taking 
the  earth  as  our  dock,  there  is  an  apparent  acceleration  of  the  moon's 
motion. 

This  was  pointed  out  20  years  ago  by  Delaunay  and  Adams  ;  and 
fhej  have  rdPerred  to  this  cause  an  otherwise  inexplicable,  although 
very  small,  secular  acceleration  of  the  moon's  mean  motion.  They 
indeed  attributed  the  friction  to  the  oceanic  tides  ;  but  there  seems 
to  be  no  reason  why  it  should  not  be,  at  least  partly,  due  to  bodily 
tides  in  the  earth,  such  as  we  are  here  considering. 

Then  adopting  the  theory  of  bodily  tides  as  the  sole  explanation 
of  this  observed  secular  acceleration,  we  may  obtain  a  numerical 
relation  between  the  height  uid  lag  of  the  tides. 

This  relation  shows  that  either  the  tides  lag  by  a  very  small 
angle,  or  that  their  height  is  very  smaU.  The  small  lag  would  cor- 
respond to  approximate  fluidity  or  nearly  perfect  elasticity  of  the 
earth's  mass  ;  and  the  small  height  may  correspond  to  either  very 
great  viscosity,  or  to  elasticity  approaching  perfect  rigidity.  Then 
as  the  earth  is  not  nearly  fluid,  and  as  it  probably  does  not  jrield 
largely  as  a  nearly  perfectly  elastic  body,  it  is  probable  that, 
whether  nearly  perfecfly  elastic  or  very  viscous,  it  possesses  a  very 
large  effective  rigidity.  This  conclusion  is  therefore  comfirmatory 
of  that  deduced  from  the  ocean  tides. 

There  is  nothing  here,  however,  to  negative  the  hypothesis  that 
in  past  ages  the  rigidity  may  have  been  not  nearly  so  great,  and 
the  theory  of  viscosity  still  seems  quite  legitimate. 

We  will  now  assume*that  the  earth  is  viscous,  and  will  trace  the 
configuration  of  the  two  bodies  backwards  in  time.  In  the  present 
state  the  rate  of  diminution  of  the  earth's  angular  velocity  of  rota- 
tion is  much  greater  than  that  of  the  moon's  orbital  angular  velo- 
city ;  if  the  former  were  exactly  27^  times  as  great  as  the  latter  then 
the  day  and  month  would  (in  the  retrospect),  in  a  given  time  be 
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the  friction  lasts.     Tides -^  ..  -kt      ^^  -    ^  i  ^ 

of  lagging  may  be  drfs^P^rUoji,  Now  tka,  to  a  veiy  rough  degree 
of  thi  equator  and  tl^  W^^f^  prppprtm  and  aceofcUngly  in  the 
Another  result  d^^  ^^^  ^  ^^  >*?  ^^^^  ^  'Si  hours  the 
the  fluid  is,  that  ^^^%f  ^  *^  ^^^  ^^  *^^  ^^  ^  *>«^  reduced 
that  they  have  '  prumtiye  yalue, 

without  f rictii?^®'^  '^^^  ^®  SO  the  less  true  is  this  proportionalitj, 
1^  u^p^itfttrESng  muqh  ijiore  mpidjy  reduced  than  the  day,  so  that 
^^^tSfen  the  d|ty  haa  fallw  to  6  hours  59  muutes  the  Hu>nth  is  only 
'x  day  14  hours.  IjVifch  ^  certain  aBSiuu^d  viscosity  of  the  earth, 
namely  th^t  aboved  d^fiped,  I  found  tbftt  this  enormous  change 
flight  have  t»ken  plftce  in  56  milli<»i  years. 

If  the  changes  be  trm^ed  still  further  back,  we  ultimately  come 
to  a  stfkte  wliere  the  moi^th  and  d%y  ^e  identical  and  are  both  5^ 
hours  long.  In  this  condition  the  moon  was  always  opposite  iJae 
same  face  of  the  earth,  aud  there  were  coUy  5000  miles  intervening 
between  the  surfaces  of  the  two  bodies.  The  ocmditions  of  the  pro- 
blem are  Quch  th^t  it  is  \koX  possible  to  give  this  period  aad  thk 
distance  with  apy  gr^t  fK^ora^,  %d4  it  aeems  fairV  probable  that 
a  more  accurate  ^plution  w(mla  show  the  two  hadias  still  more 
nearly  in  contiwjt. 

Now  the  conditions  of  stability  of  rotating  fluid  masses  are  "wrj 
obacure ;  but  it  scenes  l^hat  if  in  oonsequance  of  rapidihF  of  iotati<m 
a  fluid  planet  CQuld  no  longer  subsist  «a  a  stn^  body,  aad  w^re 
gradually  to  separate  into  two,  then  immediaAely  after  separation 
the  coiiditdon  of  the  two  mi^ssea  would  be  closely  similar  to  tibat  to 
wl^ch  we  have  trfused  back  the  earth  and  moon. 

Hence  there  seems  »  considerable  probability  that  the  moon  and 
earth  once  formed  parts  of  a  common  mass,  and  that  they  attained 
their  present  configuration  through  the  action  of  tiie  friotional 
tides  raised  in  the  earth  by  the  moon  and  in  the  moon  by  l^e 
earth. 

In  this  retrospect  we  have  found  the  day  and  month  ecmveigixig 
to  identity ;  but  if  we  look  onward  in  time  we  find  t^em  again 
converging  to  a  common  period  of  about  50  of  our  present  days*. 
One  rather  curious  consequence  of  this  is  that  the  number  of 
terrestrial  revolutions  in  a  lunar  period  can  never  exceed  a  eertain 
amount;  and  it  appears  that  this  maximum  is  about  29,  and  that 
we  have  already  passed  through  that  phase.  Thus  in  one  sense 
tidal  friction  has  done  more  than  half  its  work. 

We  have  hitherto  supposed  the  earth's  axis  to  be  p^ipendicular 
to  the  lunar  orbit ;  but  in  the  a^^tual  investigation  the  d^ouity  of 
the  ecliptic  waa  tracked  iK^rt^Hwu  with  the  lengths  of  the  oay  and 
month. 

If  the  axis  of  the  earth  he  oblique  to  the  lunar  orbit>  the  tides 
are  eoipplicated  by  the  vacation  in  the  disturbing  forces  with  the 
inQ<m's  declination.  The  tides  may  then  be  aimlysed  into  seven 
different  waves,  which  are  propagated  with  different  velocities ;  of 

*  Soe  Thomaon  aod  Talt.*^  Nat  PhiL  1276. 
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Ibese,  tlnee  have  a  period  of  nearly  a  half-day,  three  of  nearly  a 
day,  and  one  has  a  period  equal  to  a  semi-period  of  the  moon  or 
forhnght.  One  of  the  semi-dinmal,  one  of  the  diurnal,  and  the 
fortnightly  tide  are  vei^  small ;  and  of  the  rest  the  ^'  lunar  semi^ 
dhmal  tide  '^  is  by  far  the  most  important. 

In  an  article  of  this  nature,  it  would  he  out  of  place  to  attempt 
to  8ik>w  hoir  the  attraction  of  the  moon  on  the  several  tides  affects 
the  earth's  axis  of  rotation  *.  It  must  here  suffice  to  state  that  the 
obliquity  of  the  ecHptic  wiH  increase  if  the  viscosity  of  the  earth's 
mass  is  less  than  a  certain  amount,  but  will  decrease  if  it  be  greater. 
Hence  it  is  most  probable  that  at  the  present  time  the  obliquity  is 
diminishing,  but  with  such  slowness  that  thousands  of  years  must 
ehrose  before  the  decrease  can  become  sensible. 

On  the  other  hand,  it  is  probable  that  in  the  earlier  stages  of  the 
earth's  history,  when  the  earth  was  more  nearly  molten,  the 
obHqmty  was  increasing. 

In  order  to  determine  how  far  this  theory  can  go  towards 
explaining  the  obliquity  of  the  ecliptic,  I  took  the  most  favourable 
case,  viz.  where  the  vicosiiy  is  small,  and  traced  backwards  in  time 
the  obfiquity,  and  the  lengths  of  the  day  and  month  from  their 
present  yalnes.  Of  the  day  and  month  we  have  already  spoken ; 
but  the  obKquity  was  found  also  to  diminish  in  the  retrospect, 
so  that  when  the  day  was  6  hours  and  the  month  i2  hours,  the 
obliquity  had  decreased  from  the  present  23^°  to  about  14**. 

R  is  certain,  however,  that  this  is  to  some  extent  sSa  overstate^ 
ment,  becanse  the  simultaneous  changes  of  the  inclination  of  the 
kinsr  orbit  to  the  edSptic  were  neglected,  and  I  have  reason  to 
believe  that  in  the  eariier  times  that  inclination  might  perceptibly 
modify  the  results.  The  changes  of  obliquity  were  not  traced 
backwards  beyond  this  point,  because  no  account  was  taken  of 
these  parallel  changes  of  mcHnation  of  the  lunar  orbit. 

The  foct  that  the  obliquity  ceases  to  vary  when  the  month  is 
twice  the  day,  arises  from  a  general  theorem,  that  if  the  planet 
have  a  small  viscosity,  and  if  the  period  of  the  satellite  is  twice  that 
of  the  planefs  rotation,  the  rate  of  change  of  obliquity  vanishes. 

On  the  whole  I  conclude  that  some  8®  or  9®  of  obliquity  may 
probably  be  referred  to  the  action  of  the  tides. 

In  a  second  paper  t  I  have  considered  a  secular  distortion  of 
the  earth's  mass  which  must  be  a  result  of  tidal  friction. 

The  action  of  the  moon  on  the  lagging  tides  has  been  already 
likened  to  a  brake.  Now  it  appears  that  by  far  the  larger  part  of 
the  brake  power  is  applied  in  the  equatorial  regions ;  and  as  the 
earth  is  by  hypothesis  viscous,  it  follows  that  the  rotation  of  the 
equatorial  regions  must  be  retarded  rather  more  quickly  than  that 
of  the  polar  regions.    Hence  there  must  arise  a  screwing  motion  of 

*  SfltnedetdiU  are  given  in  die  abstract  of  a  paper  on  **  The  Preceseion  of  a 
viMxrai  Spher(»d/  m  the  Proo.  B.  S.  No.  191  (1878). 

tOf  whieh  m  abftaraet  will  be  found  in  the  JProc  B.  S.  Ko.  191  (1878). 
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the  earth's  mass,  the  polar  regions  shifting  from  west  to  east 
relatively  to  the  equator. 

Numerical  calculation  shows  that  the  rate  of  distortion  mast 
have  been  so  slow  in  latter  times,  that  no  perceptible  efEect  can 
have  thus  arisen  within  geological  history.  It  is,  however,  just 
possible  that  the  N.  and  S.  trend  of  the  great  continents  may  be 
connected  with  this  cause,  for  the  continents  may  be  the  great 
wrinkles  left  by  former  twisting. 

In  a  second  part  of  the  paper  the  amount  and  distribution  of 
the  heat  generated  within  the  earth  by  friction  is  investigated.  It 
appears  that  in  the  course  of  the  prolongation  of  the  day  from  5^ 
hours  to  24  hours,  enough  heat  must  have  been  generated  within 
the  earth  to  heat  the  whole  mass  3000°  Fahr.,  supposing  it  to  have 
the  specific  heat  of  iron  and  the  heat  to  be  all  applied  at  once-  It 
would  seem  at  first  sight  that  we  have  here  an  explanation  of  the 
observed  increase  of  the  temperature  of  the  earth  as  we  go  down- 
wards ;  but  a  more  careful  examination  o£  the  question  shows  that 
only  a  very  small  fraction  of  that  increase  can  possibly  be  referred 
to  this  cause. 

The  dynamical  investigation,  of  which  a  slight  sketeh  has  now 
been  given,  yieldtf  results  which  obviously  point  to  a  great  modifi- 
cation of  the  nebular  hjrpothesis  of  Laplace  and  Kant.  It  would 
as  yet  be  premature  to  examine  the  solar  system  to  see  how  far 
this  tidal  theory  of  evolution  can  explain  the  configuration  of 
planets  and  their  satellites ;  for  it  remains  to  investigate  the  secular 
changes  of  the  inclinations  and  eccentricities  of  the  orbite  of 
satelhtes  due  to  tidal  reaction.  I  hope  in  a  few  months'  time 
to  have  completed  at  least  a  partial  investigation  of  these  points ; 
and  the  results  already  attained  appear  of  considerable  interest. 

The  proof  or  disproof  of  the  theory  will  turn  on  numerical  results, 
and  to  obtain  those  results  in  the  cases  of  other  planets  will  entail 
much  work.  At  present  I  will  only  remark  that  the  anomalous 
satellite  of  Mars,  which  revolves  faster  than  ite  primary  rotates, 
appears  to  present  a  case  strongly  confirmatory  of  these  views ; 
for  it  seems  probable  that  its  extreme  minuteness  has  preserved 
it  as  a  standing  memorial  of  the  primitive  time  of  rotation 
of  Mars  round  bis  axis.  On  the  other  nand,  the  system  of  TJranus 
is  very  perplexing;  and  so  little  is  really  known  about  that 
planet  and  his  satellites,  that  it  will  be  difficult  to  put  the  theory 
to  the  test.  Q".  H.  Dabwik. 


Occuliation  of  Antares. 

The  raritv  of  occultations  of  bright  stars  at  any  given  place  is  well 
illustrated  by  the  case  of  a  Scorpii,  this  star  having  been  covered  by 
the  Moon,  as  seen  from  some  point  on  the  Earth's  sur:^ce,  at  every 
lunation  for  the  past  four  or  five  years ;  whereas  only  once,  via. 
on  the  evening  of  July  28  next,  between  9**  37"  and  lo*"  7",  is  the 
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pheDomenon  obseryable  from  our  own  coontrj.  On  this  occasion 
tbe  emersion  appears  to  take  place  about  ij^  hour  before  the  Moon 
sets.  Oocultations  of  Antares  are  of  course  rare  in  these  northern 
latitades,  owing  to  the  star's  considerable  southern  declination. 
One  is  recorded  in  the  *  Historia  Celestis '  of  Tycho  Brahe ;  this 
was  on  the  evening  of  August  30,  1 595,  and  the  observer  appears 
to  have  been  Mcestlin ;  we  are  told  that  on  this  occasion  "  Cor  ni 
prope  comu  ([  australe  occultatum.  Hor.  9  nodis,  paulo  antequam 
horizontem  subirent.*'  One  occurred  on  August  27,  1800,  and 
another  on  March  21,  1805.  Nothing  of  much  interest  seems  to 
have  been  noticed  on  these  occasions;  but  on  April  13,  181 9, 
Prof.  Burg,  of  Vienna,  had  the  impression  that  the  star  had  a 
curious  ^pearance  on  the  Moon's  disk  at  emersion.  He  states, 
"At  23^  3™  17*  I  observed  the  emersion  of  a  star  67  mag.,  which, 
about  5*  after,  suddenly  appeared  to  me  like  a  star  of  the  first 
magnitude ;  and  it  is  from  this  transition  that  I  have  dated  the 
time  of  emersion.  Perhaps  Antares  is  a  double  star,  and  the  first 
observed  small  one  is  so  near  the  principal  star  that  both,  viewed 
even  through  a  good  telescope,  do  not  appear  separated."  But  no 
star  of  the  brightest  class  was  then  known  to  have  a  minute  close 
companion.  Bode,  therefore,  remarks  on  the  above,  "  Antares  is 
no  double  star;"  and  he  enters  into  an  explanation  about  the  va- 
pours of  the  Moon's  atmosphere  to  accoimt  for  it,  that  "  the  star 
first  appeared  through  the  vapours  of  the  Moon's  atmosphere,  at 
her  dark  limb,  along  which,  however  rare  it  may  be,  this  atmo- 
sphere must  have  occupied  a  long  track  in  the  direction  of  the  rays 
that  entered  the  observer's  eye  from  Antares,  which,  when  clear 
thereof,  suddenly  appeared  in  its  full  splendour : "  and  he  goes  on 
to  remark,  "Had  that  limb  of  the  Moon,  behind  which  Antares 
emerged,  been  enlightened,  the  Moon's  atmosphere  would  also  have 
been  enlightened  and  have  become  visible  to  us,  appeanns  a  con- 
tinuation of  the  Moon's  limb,  but  sufficiently  transparent  for  us  to 
have  seen  the  star  through  it ;  so  that  after  observing  its  emersion, 
we  should  still  have  seen  it  within  what  we  considered  to  be  the 
Moon's  disk." 

In  the  year  1856  there  were  three  occultations  of  Antares  visible 
at  Greenwich ;  but  the  last  of  the  three  happening  in  daylight  was 
of  no  great  interest.  At  the  beginning  of  the  year  the  Astronomer 
Boyal  called  attention  to  these,  because,  "in  the  accounts  of  observed 
occultations  of  Antares  by  the  Moon,  it  had  been  remarked  that 
the  light  of  tbe  star  did  not  disappear  or  reappear  entirely  at  one 
instant,  but  at  two  instants."  There  was  no  need  now  to  resort  to 
any  ingenious  explanations  about  the  vapours  of  the  Moon's  atmo- 
sphere, as  the  small  companion  star  had  been  detected  by  Grant  in 
India  in  1 844,  and  confirmed  by  Mitchell  at  Cincinnati  in  1 846.  The 
occultation  of  March  26,  1856,  was  watched  by  several  observers 
through  haze.  In  the  *  Monthly  Notices '  for  April  1 1  of  that  year 
will  be  foimd  some  of  their  recorded  impressions.  Dawes  says, 
"  The  small  companion  appeared  instantaneously  at  its  full  bright- 
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ness ;  but  from  its  diffused  condition  it  was  not  posaiUe  i0  form 
any  correct  judgment  oi  its  magnitude,  whidi,  howey^,  could 
scarcely  exceed  the  7th.  Its  bluish-green  colour  was  Tery  conspi* 
cuous.  When  I  had  counted  about  18  beats  of  my  nocket-chro** 
nometer,  equal  to  7**2,  Antares  itself  suddenly  blaisea  forUi,  and 
completely  enveloped  its  companion  in  its  ^lormously  diffused  image* 
Vision  was  even  worse  than  at  the  disappearance)  and  I  could  nob 
afterwards  obtain  a  glimpse  of  the  companion,  though  tiie  strong 
twilight  favoured  its  visibility."  Mr.  Whitbread  "saw  a  small 
speck  emerge  from  behind  the  dark  limb,  which  I  should  describe  as 
like  a  star  of  the  twelfth  magnitude,  and  in  seven  seconds  Antares 
burst  forth  in  full  splendour."  Captain  Shadwell  at  Portsmouth 
says,  Antares  at  emersion  on  March  26  appeared  to  "hang  on  the 
Moon's  limb  about  two  seconds."  But  on  June  13  he  says  the 
disappearance  was  instantaneous.  On  t^s  occasion  there  was  the 
disadvantage  of  the  Moon  being  at  the  full.  It  was  considered 
about  this  time  that  accurate  observations  of  the  companion  star 
could  hardly  be  got  in  this  country;  but  on  July  20  ana  30,  1856, 
Mr.  Hippisley  at  Ston  Easton,  Bath,  seems  to  have  observed  it 
fairly.  A  rough  diagram  of  the  position  of  the  larger  and  smalls 
stars  \iill  be  found  in  the  '  Monthly  Notices '  for  November  of  that 
year.  Since  1856  no  occultation  of  Antares  has  taken  place  that 
has  been  visible  from  ihis  country.  At  the  two  earlier  occultations 
of  that  year,  the  Moon's  altitude  was  about  13°;  at  the  cocnlng 
one,  on  July  28  of  the  present  year,  her  elevation  above  the  hodzon 
is  less  than  that;  conAequently  there  will  be  more  difficulty  in 
detecting  the  small  blue  companion,  the  real  point  of  interest  in 
occultations  of  a  Scorpii.  6.  J.  JoHKSOir. 

Upton  Helioni  Beoiory,  Orediton, 
1879,  May  17. 

[The  come$  is  ol  7  mag.,  pos.-'angle  276^,  dist.  3"7,  and  will 
reappear  6*  or  7*  before  jfiitares  (ef.  *  Observatory,'  No.  26,  p.  63). 

Ed.] 


Double  Stars  Jhr  July. 
TfiE  most  important  pairs  between  13*^  and  16^  are  as  follows  :— 

S  1728=42  Comae  Bor.        R.A.  13**  4"»'i,  Dec  +18*'  10'. 

Mag.  6,  6.     Colours,  yellow. 

Binary.     Common  proper  motion  —  o'''433  ^^  E.A.  and  —  o^'iS 
in  N.P.D.  (05).     Period  about  25  years. 

1876-41         19$'"'^        <5"'42  Washingt<Jn  Obs. 

2  1777.        R.A.  13''  37",  I>ec.  +4^  9'. 
Mag.  5*8,  8*2.    Colows,  A  yellow,  B  bine. 
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Binary.    Common  proper  motion  -o'*033  in  E.A,  and  +0^*05 
inNJPJ).  _ 

1877^43        239**'4        3"'S8  Fkunmanon. 

78*40        23s  -o  'oS  DoberA. 

2  1877 =c  Bootis,       U.A.  14**  39"*7>  I^-  +^f  35'- 

Mag.  3,  6-3.    Colours,  A  tery  yellow,  B  rery  blue* 
BuMory* 

1877-23         324°-7        2"-96  Doberck. 

78*45         328-4  '94  1 

X  i888«^{  Bootis.        RA.  14'  4S°'8»  Dec-  +  '9°  3^'- 
Mag.  4*7,  6-6.    Colours,  A  vdlow,  B  ptii^lisli  red. 
Knary-    Doberck's  elements  (1877)  ar^ :— 8  «=2f6°  22',  X  117'' 
46',  r  36°  55'»  «=-o7o8i,  P=  127-35  yeaw^  T=i 770-69,  a«4'-86, 
1877-46         283<'-o        4"-46  Wilson. 

78-45        281-2  -13  Doberck. 

S  1909=44  Bootis.        EA.  14*^  S9"*8.  Dec.  +48"*  8'. 

Mac.  5-2,  6-1.    Colours,  A  yellowi8b,B  bluish. 
Bimry.    DobercVs  elements  are :—  8  65°  29',  X  1°  18',  y  70  5', 
e  0-710,  P  261-12  years,  T  1783-01,  a  3"'og3'  _ 

1877-46        24i°-8        4"-7i  Flammanon. 

78-51        240-2  -82  Doberck. 

S  1932.       B.A,  15*^  13"-^,  Dec.  +27°  i6\ 
Mag.  5-6,  6-1*    Colours,  very  white. 
^°^'  1877-47        301^-5        i"-^7  Wilson- 

S  i937=n  Cor.  Bor.       E.A.  15*  i8»-2,  Dec.  +30^  43'- 

Mag.  5'2,  5*7.    Colours,  yellow. 

Hnafy*   Period  about  4^  years.  ^     v      1^ 

1877-48  8i°-j*        o"-78  Deilibowski, 

78-45  93  *3  *6i  Doberck. 

5  i938=/i2  Bootis.        E.A.  15*  tg^'9^  Dec.  +37^  47'- 

Mafr  6-7, 7-3.    Colours,  greenish  white. 
Kdmt.    Dobepck's  latest  elements    are:—©  =i73     42, 
1863-51,  X  29^  c/,  y  39°  57',  e  o-S974>  «  i"-47,  P  280-29  years. 
1878-26        129*^-4        o  -70  Doberck. 

•47        '37  '7  '^3 

S  i954«S  Serpentis.        E.A.  i5»»  29"-!,  Dec.  + 10°  57'. 
Mag.  3,  4.    Colours,  A  yellowish  white,  B  ashy. 
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Binary. 

1876-40         i9o°-o        3"'49  Hall. 

78-48         189  -I  -87  Groldney. 

2  1967=7  Cor.  Bor.        E.A.  1$^  37"7»  I^-  +26°  40'- 

Mag.  4,  7.    Colours,  A  greeniflh  white,  B  purple. 

Binary.  Doberck  in  1877  obtained  the  following  elements: — 
K  1 10^  24',  r  85°  12',  X  233°  30',  e  0-350,  P  95-50  years,  T 
1843-70,  a  x>"-7o. 

1876-32         single         ....  iiammanon. 

2  i998={  Scorpii.        EJL.  15*^  57"^8,  Dec.  -n°  2'. 

Mag.  4-9,  5' 2.    Colours,  yellowish  white. 

AB  1877-46        184^-3         i*-26  O.Stone, 

.^  and  C  1877-63  67-6         7-22  Flammarion. 

2 
Doberck's  latest  elements  are :— Q  12*"  15',  y  68^  42',  X  89*"  16', 
e  0-0768,  T  1859-62,  a  i"-26,  P  95*90  years. 

JOSEFH  Gt.HDHTT.T» 
Mr.  Edward  Oroealey's  Obeeryatory, 
Bermenidei  HaHfiu. 


Meteor  Notes  for  July. 

'Evmmsa  observations  may  be  made  between  the  12th  and  27th, 
and  in  the  mornings  from  the  15th  to  the  29th.  This  month  is 
a  very  favourable  one  for  meteor  observations,  and  a  large  number 
of  different  showers  are  visible.  Several  of  these  as  ol«erved  by 
the  writer  last  year  will  be  found  in  our  "Notes'*  for  September  1878 
('Observatory'*,  Vol.ii.pp.  163-5).  The  two  most  important  of  these 
are  at  341°  —  13°  and  32**  -f-  53°,  both  occurring  with  some  intensity 
at  the  end  of  the  month,  when  shooting-stars  are  unusually  numerous, 
the  visible  horary  nimiber  for  one  observer  being  more  than  20 
during  the  period  from  the  25th  to  the  31st,  1878.  The  Andro- 
medes  I.  are  also  a  conspicuous  shower  in  July,  with  a  centre  at 
7°  -^ss^,  which  is  Mr.  Greg's  average  of  11  observations;  but  the 
writer  found  it  a  little  further  north,  viz.  at  6|°  +36^°,  from  63 
meteors  observed  in  July -Aug.  1 877-8,  and  there  is  a  contemporary 
radiant  close  to  a  Andromedae  {3°  +27°).  The  Cygnids  1.  form 
another  rich  display  in  this  month  from  309°  +48°  (Greg's  No. 
81).  20  of  them  were  noted  by  the  writer  in  1877,  with  a  centre 
a*  315°  4-50°;  and  Zezioli  had  seen  it  in  1867,  July  10,  for  he 
recorded,  "  I2|**-I3|^  adjacent  to  the  point  300°  +57°,  17  falling 

*  See  also   '  Obeerratory,*  Vol.  ii.  p.  103,  for  a  reference  to  July  meteor- 
ahowers. 
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stars  radiated  in  Tarioos  directions ; "  and  in  1868,  Jnly  19, 1 1^-12^ 
he  saw  20  small  meteors  from  the  region  around  the  point  297^ 
+  57°*  ^V^  J^y  3i-Augu8t  I,  1878,  a  shower  of  9  very  swift 
Btieak-leaving  meteors  was  observed  at  Bristol  from  an  accurately 
defined  point  at  6°  + 1 1^ ;  and  just  before  daylight  on  the  29th,  two 
fine  meteors  with  long  paths  (31°  and  41°)  were  seen  evidently 
proceeding  from  a  new  radiant  at  33°  —  20*^.  Some  bright  meteors 
were  also  recorded  from  a  new  shower  at  234°  4- 48°.  on  the  21st, 
and  there  is  another  recently  ascertained  system  near  y  Andromedee 
with  a  very  exact  position  at  23°  +41°  (22  meteors,  July  25-31). 
A  shower  at  317^—11°  was  observed  in  marked  activi^  on  July 
20,  1877;  and  Major  Tupman  saw  it  at  320°  —4°  on  July  21, 
1870.  Other  streams  hitherto  but  slightly  observed  at  354^ +42°, 
47°  +25°,  134°  +78°,  and  96°  +72°,  require  further  watching  in 
July  and  early  in  August ;  and  among  the  more  prominent  showers 
already  well  determined  may  be  mentioned' those  at  332°  +50°, 
293°  +42°,  257°  +36°,  &c. ;  but  the  number  of  showers  originating 
from  Pegasus,  Cygnus,  Lacerta,  Cassiopeia,  Draco,  and  Aquila  is 
very  considerable  at  this  epoch,  and  many  additional  observations 
are  necessary  to  disassociate  them  and  fix  their  accurate  positions. 
There  are  very  few,  if  any,  of  the  true  Perseids  visible  at  the  end 
of  July  ;  for  of  349  shooting-stars  seen  by  the  writer  during  Jvdy 
25-31,  1878,  there  was  little  certain  indication  of  this  shower. 
The  27th-3ist  appears  to  form  a  special  meteoric  epoch,  remarkable 
alike  for  the  number  and  brilliancy  of  meteors.  The  major  showers 
of  Aquariads  (341°  —13°)  and  Perseids  11.  (32°  +53°)  have  been 
already  referred  to,  and  they  should  be  reobserved  at  each  annual 
return.  A  remarkable  display  of  one  or  both  of  these  streams  may 
have  occurred  in  1848,  when  Heis  recorded,  on  July  27-28,  a 
**  strikingly  great  number  of  shooting-stars,  most  of  them  with  trains." 
Large  meteors  should  be  looked  for  on  the  nth,  2oth-2ist,  and 
25th-3oth. 

JEUcent  Observations, — On  May  25,  9'  54",  a  brilliant  meteor, 
estimated  at  3  x  $,  was  observed  by  Mr.  J.  H.  Simmons  at 
London.  It  appeared  about  2°  above  and  to  the  right  of  a  Lyrae, 
passing  exactly  over  /3  LyrsB,  and  the  disappearance  occurred  5° 
left  of  a  Aquiiss.  It  had  a  fine  train.  Colour  yellow.  Duration 
I  second. 

A  meteor-shower  was  traced  by  Mr.  Sawyer  at  206°  —  8°,  April 
12-26,  including  a  ist-mag.  stationary  meteor  exactly  at  that 
point.  This  radiJEint  agrees  very  closely  with  a  position  at  207** 
—8°,  April-May,  derived  by  the  writer  both  from  observation  and 
reduction.  It  also  accords  with  a  radiant  seen  by  Mr.  Corder  at 
208°  —  6° ;  and  the  fireball  of  May  12,  1878,  probably  belonged  to 
the  same  stream,  for  it  had  a  centre  at  214°  —  7°« 

Mr.  Sawyer  has  just  published*  a  list  of  32  radiant-points 
determined  by  him  during  the  last  two  years.    They  are  derived 

*  American  Joamal  of  Science  and  Arta,  Yol.  xrii.  June  1879. 
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from  tiie  racofdAd  pai^  o!  nearir  6o6  Ao^iaxig''$b6M  ^Uk  lie  hM 
obseryiod  nt  CVtmliridge,  Mit«s.  An  inetpoftant  fiMtufe  of  thl»  MW 
list  ii  tha6  the  peculiarity  of  apeed)  bnghiaies^,  and  lengik  of  patk 
of  the  meteon  of  each  shower  are  specified.  Mr.  Sawjrer'e  tttd&flt# 
eonsist  for  the  most  port  of  positiotis  which  agree  with  pretiotwlj 
observed  showers,  and  he  points  oat  these  accordances  j  httt  fhefo 
am  sevend  which  he  regards  as  probabljr  nevt",  among  thorn  th^ 
following  J— 

Sept.  30-Oct.  2   . .  33°  + 17°  7  bright,  shortj  and  rapid  meteors* 

Sept.  a7-0ct.  30. .  3   +ai  7      „         „       ,,      ^^  i, 

Dec.  i-g  ........  97    +16  6  faint  meteors  with  rapid  motioa« 

Dec.3i*Jwi.  7    ..  97}+i7  8    o         »»        »       f»         .f 

The  last  two  showers  appear  to  be  identical.  Mr.  Sawyei*** 
position  for  the  Perseids  is  at  43°  +56^°,  Taurids  I.  6&'  +18* 
Taurids  II.  81°  +2ii°,  and  Geminids  103°  +34^.  The  latteff 
is  deduced  from  la  meteors  seen  Dec.  2:2-20,  and  proves  that 
this  shower  extends  to  the  end  of  that  month.  One  of  the  best 
displays  noted  in  the  list  was  that  recorded  on  the  early  evening  o( 
Oct.  28,  1877,  when,  iti  a  watch  of  |  of  an  hour,  8  meteors  wetO' 
traced  from  an  exact  radiant  at  356**  +40%  evidently  confirmifig  S. 
and  Z.  (170)  352**  +41°,  November  13,  1868.  Mr.  Sawyer  also 
observed,  on  July  28,  1878,  four  bright  meteors,  withyery'  ^otr, 
long  paths,  diverging  from  a  point  at  ^^Y  —33^  ^^^^  *he  southenl 
star  iPomalhaut.  On  the  same  night  at  Bristol  a  meteor  (having  a 
path  of  33*^  was  registered  from  the  same  shower.  Schmidt  givetf 
iWfi  radiant  at  335°  -  2  7°,  July  1 8-20 ;  and  Prof.  Herschel,  on  Jul v' 
28,  1865,  saw  several  meteors,  indicating  a  centre  at  338°  —  28  , 
which,  however,  he  has  since  pointed  out,  may  have  been  Aquariads. 
belonging  to  the  special  shower  at  341**  — 13°.  There  are  several 
well-aefifled  showers  appearing  in  this  region  at  the  end  of  July,  of 
which  the  chief  are  at  2  A^uarii  and  Fomalhaut. 

W.  F.  Dekning. 


CORRESPONDENCE. 

To  the  Editor  of  *  The  ObservaKTfy* 
Tempers  First  Periodical  Comet. 


Sib,- 


I  sent,  on  April  26,  a  telegnun  to  the  Imperial  Academy  of 
Sciences  in  Vienna,  with  the  announcement  that  I  had  succeeded 
in  discovering  the  periodical  Comet  II.  1867,  on  April  24 ;  but  it 
seems  thart  this  telegram  has  been  stopped  somewhfere,  for  neither 
does  the  *  Astronomische  Nachrichten  mention  it,  nor  has  it  been 
received  in  Leipzig  or  Berlin. 
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I  beg,  therefore,  to  commuiiicate  to  70a  the  few  obserrationB 
whidi  I  l»Te  been  aUe  to  obtain  hitherto  t*^ 

hms  hms  oiu 

AptEi4,i4  3o±   ArMtriM.T.  E^  16  50  587^  Pee.  *  13  32   08 
MAj  1,    15    5     a                                     165x16*15  --14  ft0  4S*a 

Hay  13,  II  30  26  16  503577  —15  58    6*8 

This  comet  is  extremely  faint  and  small,  and  m%ht  well  serre 
as  a  test  for  good  telescopes,  although  I  know  of  still  fainter  and 
smaller  nebolee. 

It  moves  pretty  exactly  in  accordance  with  Hypothesis  I.  of  the 
Ephemeris  p;iven'by  M.  Eaoul  Qautier,  May  6*9416  (Oorr.  — 16% 
+  i'-6).  Smce  it  will  approach  Jupiter  nearer  in  the  year  1882 
than  in  the  year  1870,  we  shall  probably  have  difficulty  in  seeing 
it  again,  if  we  ever  do  so. 

I  am,  yours  very  truly, 

OeBerratorio  di  Fifenzd,  WlLHELM  TeMPEL, 

Aroetrii  1879,  ^^7  '^* 

[M.  Baoul  Gitutier  has  obtained  the  following  corrected  elements 
from  M.  TempeFs  3  observations  : — 

Per.  Pasa.  May  7'02  Berlin  M.T,  a     ,    ,t 

f 27^35'o"-6  «r 159  25  527  h879-o 

Log  a 0*517880  i  9  46  31*6  J 

The  comet  is  receding  both  from  the  Sun  and  the  ^Barth,  and  is 
at  the  same  time  moving  south,  so  that  it  wiW  be  very  difficult  to 
observe.  Such  observations,  however,  as  may  be  obtMOed  will  be 
all  the  more  valuable  on  this  account.  The  following  are  the 
positions  (during  the  absence  of  moonlight)  from  M.  B.  Gautier's 
ephemeris : — 

hms  Q    , 

Jons  10 B.A.  16  35  16        Dee»  ^20  447 

14 i^  33     7  — »x  a67 

18 16  31  17  —22    80 

a% • 16  29  51  '^tt  48*1 

Bd.] 

SlE,— 

On  May  25,  at  11.55,  this  comet  was  readily  found  by  add 
of  the  ephemeris  published  in  *  Nature.'  In  an  eighteen-inch 
reflector  it  appeared  rather  faint,  with  an  apparent  nucleus  that 
seemed  considerably  out  of  centre  towards  pos.'-angle  40°.  This 
might  have  been  a  star  seen  through  the  comet,  as  clouds  pre- 
vented further  observation.  It  was  again  seen  on  June  loth,  when 
it  appeared  fainter  than  before,  round  and  diffused,  about  ^"  in 
diameter;  at  1 2.2  it  was  exactly  south  of  and  60''  distant  fron  a  i2« 
mag.  star.  There  was  just  time  to  note  that  this  star  was  77' 
preceding  an  8J  and  10  mag.  pur  (pos.  about  300"^),  and  259'' 
south  of  the  brightest  star.  A  night  or  two  after,  I  looked  in  case 
it  might  be  a  nebula,  but  the  comet  had  moved. 

I  am.  Sir,  yours  faithfully, 
EaGng,  W.  A.  A.  COMMOK. 
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Variable  and  Double  Star. 
Sib,— 

I  desire  to  call  the  attention  of  observers  of  yariable  stars 
to  a  naked-eye  star  near  a  Virginis,  which  I  have  recently  found 
to  be  a  close  pair.  The  only  information  concerning  variability 
I  have  found  is  in  Webb's  '  Celestial  Objects/  where  it  is  noted, 
**  upwards  of  5  m.  to  8  m.?;  discovered  by  Schmidt  1866:  about  2^ 
south  of  a,  10™/."  Heis  gives  this  as  a  naked-eye  star,  6-7  m.  It  is 
B.A.C.  4531  (=Virginis  550).  It  is  now  very  easily  seen,  and 
brighter  than  most  of  the  6-7  m.  stars  of  Heis.  On  Proctor's  Atlas 
it  is  called  Z  Virginis.  As  a  double  star  it  is  only  moderately 
difficulty  Erom  two  measures  I.  find  the  angle  and  distance  as 
follows : — 

P=8o°-4        D=o"*48        Mags.  6*2, 6-5         1879-4. 
There  is  a  distant  companion,  12*5  m. : — 

P=iS6°-5        D=23"-88. 
I  do  not  recall  any  similar  instance  of  a  star,  variable  to  any 
considerable  extent,  being  found  to  be  a  close  double.     It  will  be 
easy  to  determine  which,  if  only  one,  of  the  stars  is  variable, 
its  place  for  1880  is : 

E.A.  13*^  28~  28',  Decl.  -12°  36'. 

Dearborn  Observatory,  I  am.  Sir,  yours  faithfully, 

1879,  May  18.  g,  W,  BuiumAM. 

What  is  the  Chromosphere*^ 

Snt,— 

In  a  note  at  p.  390  of  the  March  number  of  the  Observatory, 
you  refer  to  a  letter  of  mine  published  in  the  '  Athenaeum '  as 
containing  "  the  extraordinary  statement "  that  "  the  rings  seen  by 
Mr.  Lockyer  in  187 1  corresponded  to  the  area  of  the  chromo- 
sphere and  not  of  the  corona ; "  and  you  add,  "  with  reference  to 
this  assertion,  it  is  sufficient  to  remark  that  the  chromosphere  is 
only  10"  high,  and  that  at  the  time  of  Mr.  Lockyer's  observation 
it  was  completely  hidden  by  the  Moon,  being  some  51"  below  the 
Moon's  limb  on  the  one  side  and  26"  on  the  other." 

It  seems  clear  that  your  definition  of  the  word  "  chromosphere  " 
must  exclude  the  prominences,  many  of  which,  it  is  hardly  necessary 
to  remark,  reach  a  height  of  far  more  than  10"  above  the  Sun's  limb. 
Several  prominences  are  shown  upon  the  photographs  taken  during 
the  eclipse  of  1871,  which  reach  a  height  of  nearly  2'.  I  know 
of  no  authoritative  definition  of  the  word  "  chromosphere ; "  but,  as 
ordinarily  used,  I  should  define  it  as  the  region  of  gaseous  incan- 
descence about  the  Sun,  which  is  observable  with  the  spectroscope 
under  ordinary  daylight  conditions.  Strictly  speaking,  no  doubt, 
the  ^^chromosphere"  should  include  the  whole  region,  extending 
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&r  np  into  the  corona,  within  which  bright  lines  can  be  recognized  ; 
but  this  certainly  does  not  correspond  with  the  colloquial  use  of 
ihe  word.  In  the  eclipse  yolume  I  have  found  it  conyenient  to 
speak  of  the  "  lower  chromosphere "  and  "  upper  chromosphere," 
defining  the  lower  chromosphere  as  confined  to  the  region  observable 
under  ordinary  daylight  conditions,  and  have  subdivided  the 
*'  upper  chromosphere  "  into  the  "  1474  region,"  the  "  hydrogen 
region,"  the  "  D,  region,"  &c.,  each  corresponding  to  the  areas  of 
the  lower  corona  or  upper  chromosphere  in  which  the  corresponding 
bright  lines  are  observable. 

As  Mr.  Lockyer  does  not  give  the  time  of  his  observation,  I 
am  at  a  loss  to  understand  how  you  determine  with  such  accuracy 
tiie  number  of  seconds  that  the  Sun's  limb  was  below  the  Moon's 
limb.  The  original  description  of  Mr.  Lockyer's  observation, 
published  in  '  Mature,'  vol.  v.  p.  218,  runs  thus  : — "  What  I  saw 
was  four  exquisite  rings,  with  projections  where  the  prominences 
were.  In  brightness  C  came  first,  then  F,  then  G-,  and  last  of  all 
1474  I  Further,  the  rings  were  neariy  all  the  same  thickness, 
certainly  not  more  than  2'  high." 

If  there  were  projections  where  the  prominences  were,  it  is 
dear  that  the  rings  were  not  as  high  as  the  prominences ;  and  I 
think  that  I  am  justified  in  saying  that  the  rings  which  Mr.  Lockyer 
observed  corresponded  to  the  chromosphere,  and  to  what,  in  the 
eclipse  volume,  I  have  referred  to  as  the  "  lower  chromosphere." 

I  am.  Sir,  yours  faithfully, 

A.  COWFSB  EAITTAItD. 

[Notwithstanding  Mr.  ILanyard's  explanation,  we  fail  to  see 
how  he  is  justified  in  saying  that  the  rings  which  Mr.  Lockyer  saw 
corresponded  to  someiMng  which  was  actually  hidden  by  the 
Moon's  disk  at  the  time,  whether  it  be  called  "  lower  chromosphere" 
or  simply  "  chromosphere."  Any  one  who  uses  a  spectroscope  or 
who  has  observed  a  total  eclipse  knows  that  the  chromosphere,  as 
ordinarily  understood,  is  a  perfectly  definite  ring  round  the  Sun, 
and  that  the  prominences  are  occasional  outbursts  extending  into 
the  upper  envelope,  commonly  called  the  corona.  The  word 
•*  prominences  "  in  itself  sufficiently  indicates  that  they  do  not  form 
any  thing  resembling  a  ring  round  the  Sun,  such  as  Mr.  Lockyer 
describes. 

The  question  whether  it  will  be  found  convenient  to  disturb  the 
accepted  phraseology  as  Mr.  Eanyard  proposes,  may  well  be  left 
till  the  "Eclipse  Volume"  appears.  Meanwhile  the  popular 
meaning  of  fhe  word  "  chromosphere  "  is  acquiring  a  prescriptive 
right  from  the  circumstance  that  it  has  been  adopted  for  so  many 
years  by  all  observers  of  the  Sun. 

The  time  at  which  Mr.  Lockyer  made  his  observation  is 
indicated  thus  by  him  at  p.  374  of  his  *  Solar  Physics'  (a  work  which 
Mr.  Banyard  might  have  consulted  with  advantage  before  disputing 
the  facts) : — "  Corona  at  80''  from  commencement."    The  duration 
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of  totality  was  120  seconds;  and throaghout  this  intenral,  with 
the  exoeption  c^  a  few  seconds  at  iAte  beginning  and  end,  the  whok 
of  the  ohromosphere  was  bidden  by  the  Moon,  so  that  the  exact 
instant  is  of  no  real  importance. — ^En.] 


The  Sadler-Smyth  Scandal. 

Sib,— 

Mr,  Heayen  commences  a  smart  attack  on  me  (or  what  is 
intended  to  be  such)  by  an  announcement  that  ^'  he  does  nod 
thoroughly  unde)*8tand  the  merits  of  the  case."  This  is  so  palpably 
tfiie,  that  I  consider  it  releases  me  from  all  obligation  to  devote  mj 
^me  and  your  space  to  his  letter.  I  will  therefore  only  ask  him 
or  the  Society  at  large  to  compare  the  names  elected  on  the  Coundi 
last  February  with  any  recent  list  of  the  500  Fellows  of  thu 
Society,  and  my  meaning  will  be  quite  clear.  There  were  names 
on  thai  Council  which  bad  no  claim  to  be  there,  contrasted  with 
dozens  and  doxens  of  other  names  which  had  a  far  higher  claim  t* 
be  there.  I  decline  to  mention  names  in  print,  because  I  hare  no 
deshfe  to  embark  in  a  war  of  personalitiee. 

Mr.  Heaven  must  be  a  very  simple-minded  man  if  he  sofemnfy 
believes  that  *' juggling"  is  unknown  at  the  B.  A.  S.,  and  thiA 
every  thing  there  is  "  ^ove  board." 

Mr.  Heaven's  letter  seems  to  imply  l^t  I  have  cast  tefleetion* 
on  him  as  a  scrutineer,  have  aceosed  him  of  bribing  the  voters,  of 
corriiptly  miscounting  the  votes,  and  so  on.  I  have  done  nothing 
of  the  kmd. 

I  am,'  Sir,  your  obedient  servant, 

KorOifleld  OhmmAovy,  Bastbourne,  Gt.  F.  CKkMBSkS. 


NOTES. 

OBrruAEt  Notices  of  Astbokomers  *. — Mr.  Dunkinhas  collected, 
in  a  very  interesting  volume,  twenty-four  biographical  sketches  of 
eminent  Fellows  and  Associates  of  the  Royal  Astronomical  Society, 
all  of  whom,  with  the  exertion  of  Sir  W.  Herscbel,  have  died  m 
the  last  eight  years.  Their  memory  is  thus  fresh  amongst  us,  and 
we  feel  a  personal  interest  in  their  career,  whidi  makes  Mr. 
Dunkin's  pleasant  little  book  peculiarly  welcome.  Most  of  the 
memoirs  were  prepared  by  Mr.  Dunkin  for  the  B»  A.  S.  Annual 
Council  Reports,  during  his  six  years' tenure  of  the  office  of  honorary 
secretary ;  and  those  who  remember  how  complete  a  record  of  the 
progress  of  astronomy  was  presented  year  after  year  in  these 

*  CMMlttny  llotioei  of  Astvoaomers.  Bf  Edwin  Dunkin,  F.B.S^  F.B.AS, 
(WiUiams  and  I^org^to^  ia79.) 
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JEt^^orts  under  his  able  r^ime,  will  probably  be  glad  to  have  in  a 
collected  form  the  biographical  portion  of  his  interesting  ecmtribu- 
tions.    The  notices  of  Heis,  Le  Yerrier,  littrow,  and  Santini  first 
appeared  in  the  '  Obserratory '  and  have  been  revised  for  the 
pn^sent  work,  and  one  or  two  have  been  specially  written  for  it,  to 
complete  the  list*    Many  interesting  mementoes  of  great  men  are 
here  collected*  and  the  author  has  fully  ayailed  himself  of  the 
peculiar  fadlities  for  acquiring  information  which    his  personal 
acquaintance  with  so  many  ol  them  gave  him.     His  notices  of  the 
great  French  astronomers,  Le  Yerrier,  Delaunay,  Laugier,  and 
Mathieu,  have  a  special  value  on  this  account ;  and  the  account  he 
gives  of  the  Fans  Observatory  has  the  merit  of  b^ng  based  on  an  inti- 
mate acquaintance  with  its  personnel.    To  the  astronomers  we  have 
just  n0nied,and  to  the  two  Herschels  and  Main,Mr.  Bunkin  devotes 
the  lion's  share  of  his  space,  the  other  notices  consisting,  as  fk  rule,  of 
a  few  p^ges  each.  A  little  siu^rise  may  perhaps  be  felt  at  finding  the 
names  of  Murchison  and  Sedgwick  enrolled  ampngsi/  astronomers ; 
but  as  Fellows  oi  the  E.  A.  S.  they  are  entitled  to  some  notice  at 
Mr.  Punkin's  hands.    Miss  Sheepshanks,  t^x),  though  not  strictly  an 
astranomer,  haa  done  so  much  to  promote  the  science  by  her 
miinificent  donation  to  the  XJniversi^  of  Cambridge,  that  we  are 
glad  to  see  h^  name  in  the  list.    Thanks  to  the  personal  traits  of 
eminent  astronomers  which  he  has  collected,  Mr.  Dunkin  has  pro- 
duced a  readable  as  well  as  an  instructive  bo(^,  and  we  heartily 
comm^d  it  to  our  readers. 


BoYAL  Obseevatoey,  Geeekwich. — The  Astronomer  Eoyal*s 
Beport  for  the  perikxl  1878  May  2  to  1879  May  20  was  pre3ented 
lit  the  Annual  Visitation  on  June  7.    Under  the  head  of  Astronomi- 
cal Instruments  we  notice  that  to  make  the  instrument  easy  for 
use  with  the  Icmg  half-prism  spectroscope  the  telescope-tube  of 
the  great  equatoreal  has  been  shifted  longitudinally  30  inches  in 
its  cradle,  bringing  the  eye-end  nearer  to  the  centre  and  allowing 
more  room  between  it  and  the  fioor.    A  new  and  larger  first  prism 
has  been  made  for  the  half-prism  spectroscope,  a  third  prism  has 
been  added,  and  some  other  important  improvements  nave  been 
inade  by  Mr.  Hilger,  and  the  instrument  is  now  used  for  all  obser* 
vations  except  in  cases  where  small  dispersion  is  desired.    The 
horiacDital  flexure  of  the  transit-circle  telescope  has  changed  from 
— o"*i3  to  +o"'i6-    With  the  transit-drcle,  4284  transits  and 
3704  senitlhfdistainces  have  been  observed,  and  with  the  altazimuth 
733  aa^muths  of  Moon  and  Stars  and  368  z^th-disfances  of  the 
|i{ooii»    "After  a  fine  autumn,  the  weather  in  the  past  spring  has 
been  remarkably  bad.    More  tiian  an  entire  lunation  was  lost  with 
the  traDsit-cii'cle,  110  observations  of  the  Moon  on  the  meridian 
^ring  been  possible  between  January  8  and  March  i>  a  period  of 
more  than  sev^i  weeks.    Neither  Sun  nor  Stars  were  visible  for 
deven  days,  during  which  period  the  dock-times  were  carried  on 
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entirely  by  tbe  preceding  rate  of  the  clock.  The  aocamnlated  error 
at  the  end  of  tlus  time  did  not  exceed  o"-3." 

The  reductions  are  in  their  usual  advanced  state,  the  current 
transit  and  circle  observations  being  completely  reduced  to  May  15 
and  May  i  respectively,  and  the  altazimuth  observations  to  April 
2 1  (the  end  of  the  preceding  lunation).  The  whole  of  the  plane- 
tary results  for  last  year  exhibiting  geocentric  and  heliocentric 
errors  are  complete.  Before  issuing  the  Nine-year  Catalogue,  some 
discussions  were  made  of  its  N.P.D.*s  as  compared  with  the  two 
last  preceding  Greenwich  Catalogues,  the  Cape  Catalogue  (i860), 
and  the  Melbourne  Catalogue  (1870) ;  and  from  these,  as  well  as 
from  the  results  of  the  ecliptic  investigations,  it  appears  that  Stone's 
refractions  used  since  1868  do  not  give  satisfactory  results,  whilst 
Bessel's  refractions  of  the  ^  Tabul®  Eegiomontanae '  harmonize  all  the 
observations.  The  latter  have  therefore  been  adopted  for  the  fu- 
ture, and  the  results  for  1877  and  1878  have  been  corrected  as  far 
as  practicable. 

Two  determinations  of  colatitude  with  the  two  constants  of  re- 
fraction respectively  have  been  made  for  these  two  years,  the 
difEerence  depending  on  the  change  of  refraction  being  o"'3.  From 
the  ecliptic  investigation  it  appears  that  the  mean  of  the  observed 
N.P.D.*8  of  the  Sun  throughout  the  year,  or  the  distance  from  the 
pole  to  the  equator,  is  too  small  by  -f  o"'3i  for  1878  (using  Bessel's 
refractions),  whilst  in  1 87  7,  with  Stone's  refractions,  it  was  too  small 
by  i"'i3.  In  connexion  with  the  question  of  refraction,  thermo- 
meters mounted  to  determine  the  curves  of  equal  temperature  in 
the  transit-circle  room  seem  to  show  that  these  curves  are  cir- 
cular. - 

The  spectroscopic  observations  have  been  almost  entirely  sus- 
pended,  in  order  that  the  reduction  of  accumulated  photographic 
observations  might  proceed  more  rapidly.  These  latter  have  now 
been  completely  reduced,  exhibiting  areas  and  heliographic  longi- 
tudes ana  latitudes  of  spots  and  faculsB  from  1874  up  to  the  present 
time.  With  the  half-prism  spectroscope  the  motions  in  the  line  of 
sight  have  been  determined  for  7  stars  (  3  of  them  not  previously 
examinedX  and  for  two  of  these  a  dispersive  power  equivalent.to  15 
prisms  of  60°  was  employed,  though  the  stars  are  only  of  the  second 
magnitude.  The  spectrum  of  Brorsen's  comet  and  of  the  eclipsed 
Moon  and  the  solar  spectrum  in  the  neighbourhood  of  G  were  also 
examined,  the  last  named  with  reference  to  the  existence  of  bright 
lines  in  this  region.  Photographs  of  the  Sun  have  been  taken  on 
150  days,  and  on  121  of  these  days  there  is  a  complete  absence  of 
spots.  On  comparing  them  with  those  of  the  preceding  year,  when 
there  was  an  absence  of  8pot«  on  66  days  out  of  156, « it  appears 
that  we  have  not  yet  passed  the  minimum. 

"The  Magnetic  Eeductions  for  the  years  1865  to  1876  are  nearly 
completed.  The  results  are  exhibited  in  the  form  of  annual  and 
monthly  mean  curves  of  diurnal  inequality,  as  in  preceding  investi- 
gations ;  the  abscissae  showing  the  variation  of  magnetic  declination. 
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snd  the  ordinates  that  of  harizontal  force,  throngfaont  tlie  24  hours. 
The  annual  curves  of  diurnal  inequalily  are  now  complete  for  the 
period  of  36  years,  from  1841  to  1876  ;  and  from  the  great  length 
of  this  series  of  observations,  all  made  on  the  same  system  and 
with  similar  instruments,  most  important  inferences  may  be  drawn, 
both  as  to  the  laws  of  diurnal  inequality  in  general  and  its  changes 
in  different  years  and  ceasons,  and  as  to  the  connexion  between 
magnetic  phenomena  and  sun-spots.  These  annual  curves  show  a 
well-marked  change  in  close  correspondence  with  the  number  of 
sun-spots.  About  the  epoch  of  maximum  of  sun-spots  they  are 
large  and  nearly  circular,  having  the  same  character  as  the  curves 
for  the  summer  months ;  whilst  about  the  time  of  sun-spot  mini- 
mum they  are  small  and  lemniscate-shaped,  with  a  striking  resem- 
blance to  the  curves  for  the  winter  months.  It  may  be  worthy  the 
consideration  of  the  Board  whether  the  whole  of  these  results,  with 
any  modifications  that  experience  suggests,  should  not  be  printed 
and  circulated  as  a  separate  volume, 

"  The  monthly  curves,  1865-1876,  have  been  formed  for  three 
periods  of  four  years  each,  corresponding  roughly  to  periods  of 
minimum,  maximum,  and  mean  o£  sim-spots,  and  the  whole  series 
stands  thus  (the  general  character  of  the  curves  being  added)  : — 
1841-1 847,  (curves)  mean;  1848-185 7,  small;  1858^1863,  large 
in  summer,  small  in  winter ;  1865-1868,  small;  1869-187 2,  very 
large;  1873-187 6,  mean.  The  maxima  of  sun-spots  oocuned  in 
1848,  i860,  and  1870,  and  the  minima  in  1844,  1856,  and  proba- 
bly in  1879. 

^^  The  connexion  between  changes  of  terrestrial  magnetism  and 
sun-spots  is  shown  in  a  still  more  striking  manner  by  a  comparison 
which  Mr.  Ellis  has  made  between  the  monthly  means  of  the 
diurnal  range  of  declination  and  horizontal  force,  and  Dr.  R.  Wolfs 
^  relative  numbers '  for  frequency  of  sun-spots.  It  appears  from 
IMs  that  not  only  is  there  a  general  correspondence  in  the  two  sets 
of  phenomena,  but  that  the  minor  irregularities  of  the  sun-spot 
curve  are  reproduced  in  the  curves  of  diurnal  magnetic  range;  and 
further  that  the  well-marked  annual  inequality  in  the  latter  is  it- 
self variable,  being  greatest  at  the  time  of  maximum  of  sun-spots 
and  least  at  that  of  minimum. 

^'  It  will  be  an  interesting  inquiry,  when  sun-spots  become  more 
numerous,  to  determine  whether  the  present  paucity  of  earth-cur- 
rents is  connected  with  the  fewness  of  spots. 

In  the  competition  trial  of  chronometers,  a  falling  off  is  shown  in 
the  first  six  chronometers  of  last  year  as  compared  with  any  of  the 

Eiding  1 6  years.    The  Greenwich  and  Deal  time-balls  have  been 
ped  with  very  few  failures,  and  the  report  on  the  Westminster 
shows  its  error  to  have  exceeded  i"  on  only  77  days  out  of 

383. 

Under  the  head  of  Extraneous  work,  the  Astronomer  Eoyal  re- 
ports that  Major  Tupman,  who  has  voluntarily  devoted  his  whole 
time  to  the  l^ransit  of  Venus  reductions,  has  now  prepared  the 
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copy  for  press  of  the  observations  and  reductions  for  t^  tibee  sta- 
tions in  the  Hawaiian  Island,  and  nearly  finisked  those  for  Egypt 
(MokattamX  Bodriguez,  and  New  Zealand*  The  observations  at 
Kerguelen  have  been  finally  examined,  but  the  copy  for  press  is 
not  prepared. 

*^We  are  naturally  looking  to  the  Transit  of  1882  ;  and  the 
general  impression  appeu^s  to  be  that  it  will  be  best  to  confine  our 
observations  to  simple  telescopic  observations  or  micrometer  obser- 
vations at  Ingress  and  Egress,  if  possible,  at  places  whose  longi- 
tudes are  known.  For  the  first  phenomenon  (accelerated  ingress) 
the  choice  of  stations  is  not  good ;  but  ior  the  other  phenomena 
(retarded  ingress,  accelerated  egress,  retarded  egress),  there 
appears  to  be  no  difficulty.  The  adoption  of  a  south-polar  station 
seems  to  be  practicaUy  abandoned." 

In  regard  to  the  Numerical  Lunar  Theory,  the  Astronomer 
Boyal  has  now  discussed  the  theory  completely,  and  in  going  into 
details  of  secular  chan^  he  is  at  this  time  engaged  on  that  which 
is  the  foundation  of  ail,  namely,  the  change  of  excentridty  of  the 
solar  orlHt,  and  its  results  in  producing  lunar  acceleration. 

As  to  the  practicability  of  reducing  the  magnitude  of  the  volume 
of  Ghreenwich  observations,  the  opinion  is  that  no  curtailment  ought 
to  be  made.  A  strong  appeal  has  been  made  for  extension  of 
spectroscopic  observations  of  stars  in  reference  to  their  motion  in 
the  line  of  sight,  to  which  the  Astronomer  Boyal  has  given  a 
tacit  response  by  the  modification  of  the  G^reat  Equatoreal  so  as 
to  facilitate  that  extension.  He  adds,  *^The  tendency  of  external 
scientific  movement  is  to  give  great  attention  to  the  phenomena  of 
the  solar  disk  (in  which  this  Observatory  ought  undoubtedly  to 
bear  its  part).  And  I  personally  am  most  unmllinff  to  recede  from 
the  existmg  course  of  magnetical  and  meteorologies  observations.'' 

'*  The  general  tendency  of  these  considerations  is,  to  increase  the 
annual  expenses  of  the  Observatory.  And  so  it  has  been,  almost 
continuously,  for  the  last  42  years.  The  annual  ordinary  expenses 
are  now  between  2^  and  3  times  as  great  as  in  my  first  years  at 
the  Boyal  Observatory.  I  would  fain  flatter  myself  that  the  value 
of  its  results  has  increased  in  a  greater  d^ree." 


Suit-spots  aio)  PROMnnsKCBs*. — Herr  Schmidt's  observations  of 
the  Sun  at  Athens  during  1878  show  that  out  of  360  days  of  observation 
there  were  only  62  on  which  spots  were  visible.  On  5  days  only  during 
the  year  were  the  observations  prevented  by  cloud ;  and  Herr  Sdimidt 
mentions  it  as  a  remarkable  thing  at  Athens  that  the  Sun  was  not 
seen  for  3  consecutive  days.  The  photographs  taken  at  Greenwich 
during  the  twelve  months  ending  1879,  May  i,  show  that  out  of 
142  days  of  observation,  there  were  only  27  on  which  spots  were 

#  Afltron.  Ifacfar.  No.  2241 ;  Comptes  BendoB,  Vol.  Izxzrfi.  Not.  6  and  tjS  ; 
Memorie  Spettiosa  Ibd.  1878  Not.»  Deo.»  1879  JCaroh. 
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seen,  whilst  in  the  preceding  twelre  months,  ending  1878,  April 
30,  spots  were  noted  on  98  ^ys  out  of  163.  Tiiere  has  thus  been 
a  marked  decrease  in  Sun-spots  up  to  the  present  time,  and  there 
is  no  sign  that  we  haye  yet  reached  the  minimum. 

Prof.  Tacehini's  observations  point  to  the  same  conclusion.  The 
frequency  of  spots  has  fallen  mm.  i'i4  in  1877  to  0*3 1  in  1878, 
and  of  groups  of  spots  and  pores  from  0*97  to  0*33,  whilst  that  of 
days  without  spots  has  risen  from  0*49  to  0*76,  t^  duuige  being 
distinctly  prc^ressiye  throughout  1878.  The  frequency  of  spots  in 
the  last  quarter  of  1878  was  only  0*03.  In  the  first  quarter  of 
1879  i^  ^^  <^'iO'  <^  o^  <^ys  without  spots  0*92. 

The  faculse  and  the  prominences  also  have  been  very  few  and  faint, 
the  average  for  the  latter  being  between  2  and  3  a  day.  Prof. 
Taochini  points  out  that  the  facnlfis  occur  most  frequently  within 
30°  of  the  Sun's  equator,  and  also  near  the  north  pole,  whilst  the 
prominences  are  for  the  most  part  confined  to  the  Kones  frcm  ^c^ 
to  50°  of  heliographic  latitude  north  and  south.  Thus  where  the 
prominences  are  most  frequent,  the  faculse  are  at  their  minimum. 
The  distribution  of  prominenoes  is  very  different  in  1878  from 
what  it  was  near  i^e  time  of  sun-spot  maximum  in  187 1.  Pro- 
minences were  then  pretty  uniformly  distributed  over  a  large  zone, 
extending  from  50°  N.  to  50°  S.,  with  two  minima  between  50®  and 
70°,  and  two  maxima  near  the  poles.  Now  we  have  two  maxima 
between  30°  and  40°,  and  two  very  decided  minima  between  66° 
and  the  pole,  in  each  hemisphere. 

Prof.  Tacchini  has  furtner  compared  the  frequency  of  pro- 
minences in  July  and  August,  at  the  two  epochs  187 1  and  1878. 
In  187 1  the  average  daily  number  was  14-0,  whilst  in  1878  it  was 
2*7,  so  that  the  number  is  now  reduced  to  less  than  one  fifth  of 
what  it  was  soon  after  the  sun-spot  maximum.  At  the  same  time 
the  outbursts  of  metallic  vapours  have  become  extremely  rare,  and 
the  6  lines  of  magnesium  are  but  seldom  seen  reversed  in  the 
chromosphere.  On  the  other  hand  the  1474  K  line,  supposed  bj 
Mr.  LocKyer  to  indicate  a  low  temperature  form  of  hydrogen,  is 
commonly  present. 


The  Compensation  op  Clooxs,  Watches,  and  Chbonometebs. 
— Some  of  our  readers  may  be  glad  to  have  their  attention  directed 
to  a  paper  on  the  above  subject  by  Mr.  Edward  Eigg  (Assayer  in 
tiie  Boyal  Mint)  which  appears  in  a  recent  number  of  the  Journal 
of  the  Society  of  Arts,  and  which  has  also  been  circulated  sepa- 
rately. The  object  <A  the  paper  is  apparently  not  to  bring  forward 
any  thing  new,  but  to  collect  together  much  information,  especially 
in  regard  to  modem  devices,  to  be  found  only  by  consulting  a 
variety  of  works.  Mr.  Sigg  confines  his  attention  principally  to 
the  subject  of  the  compensation  for  variations  of  heat  and  atmo- 
spheric pressure,  although,  incidentally,  something  is  said  on  other 
points.  It  would  be  difficult  to  give  here,  in  the  short  space  at  our 
disposal,  any  detailed  abstract  of  the  contents  of  the  paper :  it 
must  suffice  to  say  that,  in  regard  to  dock  pendulums,  Mr.  Bigg 
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descnbes  a  number  of  contriyanoes  that  have  from  time  to  time 
been  proposed,  having  for  object  the  production  of  as  perfect  a 
method  of  compensation  as  possible,  and  discusses  their  various 
advantages  and  disadvantages  ;  he  then  speaks  of  the  influence  of 
variations  of  atmospheric  pressure,  gives  a  brief  historical  sketch  of 
the  subject,  and  remarks  that  only  two  plans  for  neutralizing  the 
effect  appear  to  be  in  actual  use — ^those  proposed  respectively  by 
the  Astronomer  Boyal  and  by  M.  Bedier. 

He  then  proceeds  to  speak  of  the  compensation  of  watches  and 
chronometers.  This  b  a  very  wide  subject.  He  refers  briefly  to 
the  attempts  at  first  made  to  attain  a  sufficient  compensation  by 
action  on  the  balance-spring ;  but  this  method  has  long  been  quite 
given  up,  the  simple  compensation  balance,  as  originally  made  by 
jBamshaw  and  Arnold,  giving  much  more  satisfactory  results.  Very 
many  contrivances  for  the  correction  of  what  is  commonly  known 
as  the  secondary  error  are  referred  to  or  described.  In  regard  to 
these  auxiliaries  Mr.  Big^  remarks  that  it  is  worthy  of  notice, 
and  is  iUustrated  in  a  marked  manner  by  the  Greenwich  chrono- 
meter trials,  that  no  one  form  of  balance  has  succeeded  in  establish- 
ing itself  as  invariably  better  than  others,  whilst  balances  known  to 
be  among  the  best  will  figure  low  in  the  Greenwich  list. 

He  thinks  that  circumstances  which  are  beyond  the  control  of 
any  workman  influence  the  rate,  and  that  when  the  performance  of 
a  chronometer  is  exceptionally  good,  the  path  of  the  compensating 
weights  happens  to  accord  with  the  several  influences  by  which  the 
movement  of  the  balance  is  modified.  The  composition  of  the 
brass,  the  fineness  of  steel,  degree  of  hammering,  smoothness  of 
acting  surfaces,  play  of  pivot«,  constrained  molecular  state  of  metals 
employed,  and,  above  all,  the  nature  of  the  oil — all  these  may  be 
satisfactory  to  a  certain  limit,  beyond  which  each  may  have  an 
infinitesimal  effect  which  cannot  bs  isolated  or  neutralized.  Mr. 
Bigg  considers  that  the  general  uniformity  observed  in  the  errors 
of  chronometers  with  bfuances  of  the  ordinary  construction  tends 
to  prove  that  the  influences  above  mentioned  are  not  of  primary 
importance,  although  standing  in  the  way  of  absolute  perfection ; 
and  he  asks  whether  a  recognized  though  comparatively  large  error 
that  can  be  determined  and  allowed  for,  is  not  to  be  preferred  to  a 
so-called  perfect  compensation  that  may  never  be  attained,  except 
by  accident,  whilst  being  also  more  liable  to  derangement.  He 
remarks  also  that  much  skill  now  spent  in  the  designing  of  auxi- 
liaries might  be  more  profitably  expended  in  devising  more  expe- 
ditious means  of  adjusting  the  primary  compensation,  and  refers 
to  the  attempt  of  the  Astronomer  Boyal  to  solve  the  problem  as 
being  the  best  method  hitherto  invented  for  the  purpose.  Mr. 
Bigg  lays  much  stress  on  the  necessity  of  solidity  of  construction, 
which  is  so  sadly  wanting  in  a  vast  number  of  the  improvements  that 
have  been  proposed,  and  is  of  opinion  that,  until  a  balance  is  invented 
that  will  satisfy  both  theory  and  practice,  it  will  be  preferable  to 
resort  to  the  method  of  tabulating  the  errors  of  any  balance  of 
simple  construction  that  can  be  depended  'upon  to  behave  in  the 
same  manner  when  exposed  to  similar  conditions. 
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The  whole  paper  may  be  commended  to  those  who  are  interested 
in  the  matters  on  which  it  treats.  The  copy  which  came  into  our 
hands  had  one  great  defect.  Descriptions  are  given  referring  to 
diagrams  ;  but  no  copies  of  the  diagrams  by  which  the  paper  was  so 
profusely  illustrated  when  read  before  the  Society  of  Arts  are 
giyen  with  the  printed  account.  W.  E. 

New  Comet. — A  telegram  from  Washington  announces  the 
discoyery  of  a  comet  by  Mr.  L.  Swift,  on  June  15,  at  Rochester, 
N.  T.     The  following  observations  have  been  made : — 

a.M.T.  RA.  Dec.  Obs. 

h    m  h  m    8  ^         , 

June  21  II    8        2  47  31     +64  29-1        Winnecke. 

25  II  58         2  49  37         68  41*6        Tupman. 

26  20    8+     2  50  18         70    7  Washington. 
The  comet  is  about  3'  in  diameter,  with  bright  central  nucleus  of 

about  the  9th  magnitude. 

A  iTEw  minor  planet  of  the  eleventh  magnitude  was  discovered 
by  M.  Borrelly  at  Marseilles  on  June  13. 

Pbof.  Toung  suggests  that  the  discrepancy  as  to  the  relative 
brightness  of  the  blue  and  yellow  bands  in  the  spectrum  of  Brorsen's 
comet,  as  estimated  by  himself  and  by  the  Greenwich  observers,  may 
have  been  caused  by  the  absorption  of  the  dense  yellow  glass  used 
in  the  Greenwich  spectroscope.  Prof.  Young  used  very  white 
glass  inclining  to  greenish  blue,  and  he  estimated  the  blue  band  as 
brighter  than  the  yellow,  whereas  with  the  Greenwich  spectroscope 
it  appeared  much  fainter. 

Me.  Ellebt's  latest  measures  of  a  Centauri  are : — 

1879*252,  Pos.-angle  i74°'4,  Dist.  3"'4i.  No.  of  obs.  13. 

Plaitet  196  {correction  to  *  Observatory^  No.  26,  p.  93). — Major 
Tupman  writes : — **  The  object  I  observed  on  May  25  proved  to 
be  a  small  star.  My  last  observation  of  the  planet  was  on  May  2 1, 
10^  52"*  G.M.T.,  in  appt.  E.A.  12**  15°*  56%  appt.  Dec.  -f  6<*  34' 
32''.  Daily  motion  2'  50"  south.  On  May  29  I  cUscovered  my  mis- 
take, and  searched  unsuccessfully  for  the  planet,  which  was  no 
doubt  overpowered  by  the  moonlight."  Editoe. 

Astronomical  Memoranda,  1879,  August. 

Sun.  Aug.  I,  sets  7**  47™,  rises  16^  26";  Aug.  31,  sets  6** 48",  rises 
17*  14". 

Equation  of  time: — Sun  after  clock,  Aug.  i,  6™  7";  Aug.  11, 
S»  2- ;  Aug.  21,  3"  3' ;  Aug.  31,  o"  i6\ 

Sidereal  Time  at  Mean  Noon  : — ^Aug.  i,  8**  38"''9;  Aug.  11,  9** 
i8"-3  ;  Aug.  21,  9**  57"^7  ;  Aug.  31,  io»»  37"-2. 

Moon.  Full,  Aug.  i,  19**  12";  Last  Quarter,  Aug.  9,  14**  9"; 
New,  Aug.  17,  8*»  II";  First  Quarter,  Aug.  24,  3**  12"^;  Full,  Aug. 

31,  6^  58-. 

Occultations : — Aug.  i,  13**  6"  v  Gapric.  Oc.  D.  109°;  Aug.  3, 
13^  17"  p  Aquarii  Oc.  E.  314° ;  Aug.  9,  13^  3;^"^  e  Arietis  Oc.  E. 
200*^;  Aug.  24i  7*^  2»B.  A.  a  5347  Oc.  D.  358*^;  Aug.  25, 
8^  5"B.  A.   0.  5800  Oc.  D.  107°;  Aug.  27,   7**  17"  B.  A.  C. 
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6576  Oc.  D.  81°.  The  angles  sJb  disappearance  (D.)  and  reap- 
peanmoe  (B.)  are  reckoned  from  the  apparent  N.  point  towards 
the  right  hand  round  the  Moon's  circiunferenoe  as  seen  in  an 
inverting  telescope. 

There  is  a  near  approach  to  some  of  the  Pleiades  (23,  27,  and  28 
Tauri)  on  Aug.  10,  ii*"  33"  to  12**  52"*. 

Mercury  is  an  evening  star  till  Aug.  23,  when  he  is  in  inferior 
conjunction. 

Venus  is  an  evening  star,  at  greatest  brilliancy  on  Aug.  19. 

Aug.  I,  E.A.  11*^  32'»-7,  Dec.  1°  19'  N.,  tr.  2^  54"",  sets  9**  4» 

Aug.31,         12    20  7,  9   14  8.,         I  43  »         70 

The  illuminafced  portion  of  tbe  disk  is  0*49  on  July  15  and  0*29 
on  Aug.  15,  and  the  corresponding  diameters  24"*o  and  36"*o  re- 
spectively. 

Mars  is  in  Aries.  Hjb  diameter  is  12" '6  on  Aug.  i  and  is"' 5 
on  Aug.  31. 

Aug.  I,  E.A.  2**  i5"»-3,  Dec.  10®  54'  N.,  tr.  17**  35"  rises  10**  35". 
Aug.31,         3   14  '8,,         15  34  N.,       16   36  9    10 

Jupiter  is  in  opposition  on  Aug.  31,  retrograding  through  Aqua- 
rius.   His  diameter  is  45^*2  on  Aug.  i,  and  46"-4  on  Aug.  31. 
Aug.  I,  E.A.  22**  S3"'o,  Dec.  8°  33'  S.,  tr.  14**  12"*,  rises  8*»  51". 
Aug.  31,  22    39  -8,  9    58  8.,        12    o  ,  6   48 

Jvpiter^s  Satellites: — Aug.  2,  14*^  16™  iv.  Bc.D. ;  Aug.  4,  14**  2"» 
ii.  Sh.  L,  15**  21"  ii.  Tr.  L;  Aug.  5,  i3»»  8"  i.  Ec.  D. ;  Aug.  6, 
lo*'  22"  L  Sh.  I.,  10**  59"  i.  Tr.  L,  ii*»  40"  iii.  Oc.  R,  12"*  41"^ 
L  Sh.  E.,  12^  51°*  ii.  Oc.  E.,  13^  18"^  i.  Tr.  E.;  Aug.  7,  10^30" 
i.  Oc.  E. ;  Aug.  11,  9**  50"  iv.  Tr.  E. ;  Aug.  12,  15**  3™  i.  Ec.  D. ; 
-A.ng.  13,  9*^  44"  iii.  Ec.  D.,  11**  24"  ii.  Ec.  D.,  i2*»  i6"»  i.  Sh.  I., 
12**  43"  i.  Tr.  L,  i4*'35'"i.  Sh.  E.,  15**  o*  iii.  Oc.R.,  15^  2"  i. 
Tr.  E.,  I5»»  6»  ii.  Oc.  E. ;  Aug.  14,  9^  32"  i.  Ec.  D.,  i2*»  14"  i. 
Oc.  E. ;  Aug.  15,  9»»  4"  i.Sh.  E.,  9**  28"  i.  Tr.  E.,  9'*  39"  ii.  Tr.  E. ; 
Aug.  19,  15**  27"  iv.  Oc.  E. ;  Aug.  20,  13**  46"  iii.  Ec.  D.,  13**  59* 
ii.  Ec.  D.,  14^  10*  i.  Sh.  I.,  14**  27"  i.  Tr.  I. ;  Aug.  21,  ii*»  27" 
i.  Ec.  D.,  13*^  58™  i.  Oc.  E. ;  Auff.  «2,  8*^  36*  ii.  Sh.  I.,  8'»  39"'  i. 
Sh.  L,  8''  53"  i.  Tr.  L,  g^  4"*  11.  Tr.  I.,  10^  58"  i.  Sh.  E.,  ti»»  11* 
i.  Tr.  E.,  11*^  29*  ii.  Sh.  E.,  ii>^  55"  ii.  Tr.  E.;  Aug.  23,  8*»  24- 
i.  Oc.  E. ;  Aug.  27, 16^  4"i.  Sh.  L,  16^  io»i.  Tr.  I. ;  Aug.  28,  13^ 
22™  i.  Ec.  D.,  15**  42"  i.  Oc.  E.;  Aug.  29,  10^  33"  i.  Sh.  1.,  10'' 
36"  i.  Tr.  I.,  11^  is"^  ii.  Sh.  L,  1 1»»  2i«  ii.  Tr.  I.,  12*^  52"*  i.  Sh.  E., 
12*'  54"  i.  Tr.  E.,  i4»»  7'»  ii.  Sh.  E.,  1^^  11"  ii.  Tr.  E.;  Aug.  30, 
io»^  8»  i.  Oc.  E. ;  Aug.  31,  7*^  49"*  iii.  Sh.  I.,  7^  50"*  iii.  Tr.  I.,  8>» 
39"  ii.  Oc.  E.,  ii*»  19"  iii.  Tr.  E.  ii»»  24™  iii.  Sh.  E. 

Saturn  is  nearly  stationary  in  Pisces. 

Aug.  I,  E.A.  I*'  2°*-o,  Dec.  3°  51'  N.,  tr.  16^  20",  rises  9^  57". 
Aug.  31,         o  58  7,  3    23  14    19  7    59 

Outer  Bing.  Inner  King.  Ball. 

Maj.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Biam. 

Aug.    8...  42"-iS         7"-59         28"-o3         5"-o4       i6"-9 

Aug.  28...  43"-39         7"-53         2S"'S6        5"-oi       i7"-4 
The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  10°  22'  S.  and   10°  o'  8.  on  Aug.  8  and 
Aug.  28  respectively,  8^  of  the  Sun  8**  11'  S.  and  8°  47I  S. 

Editob. 
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THE    OBSERVATORY, 

A   MONTHLY    EEVBEW    OF  ASTEONOMY. 

No.  28.  AUGUST  1.  1879. 

The  Meteors  of  April  12-26,  1879, 

Although  it  was  hardly  expected  that  any  considerable  return  of 
the  April  Ljnraids  would  be  observed  this  year,  still  it  was  impor- 
tant that  observers  should  keep  a  good  look  out  iot  any  meteors 
belonging  to  this  stream,  especially  on  the  19th  to  20th,  the  date 
of  its  maximum  display,  as  its  varying  intensity  from  year  to  year 
is  a  valuable  point  to  note,  the  cluster  having  a  suspected  period 
of  about  27  years.  It  is  also  very  essential  that  the  radiant-point 
of  this  meteor-stream  should  be  more  accurately  fixed,  its  hypo- 
thetical connection  with  Comet  I.,  1861,  being  a  little  doubtful. 

The  centre  of  radiation  appears  to  be  very  diffuse ;  and  this  may 
possibly  result  from  the  coexistence  of  one  or  more  showers  with 
closely  adjoining  radiants. 

Its  limits  of  duration  also  need  to  be  more  exactly  determined. 

In  the  hope  of  contributing  some  results  towards  the  determina- 
tion of  these  important  elements,  and  also  of  helping  to  confirm, 
if  possible,  the  suspected  existence  of  many  contemporary  displays 
pointed  out  by  Mr.  Denning,  the  observations  were  mainly  under- 
taken this  year.  The  observations  were  commenced  as  early  as 
April  12,  and  terminated  on  the  26th,  the  moonlight  and  cloudy 
weather  preventing  a  further  continuance  of  the  watching. 

I  have  thought  it  of  sufficient  importance  that  the  details  of 
each  night's  work  should  be  given,  as  well  as  a  summaiy  of  the 
deduced  results. 

I  April  12.  A  watch  oi  i\  hour  was  sustained  between  10**  30" 
and  12**  in  a  perfectly  clear  sky,  and  only  5  meteors  were  recorded, 
none  being  Lyraids.  At  ii*"  36"  a  nearly  stationary  meteor  of 
the  ist  mag.  was  seen  accurately  at  223*^  —2°.  This  appears  to 
agree  with  a  position  deduced  by  Mr.  Denning  from  the  Italian 
Met.  Assoc.  Obs.  1872,  as  at  228°  —5°,  March  31  to  April  13,  and 
with  a  stationary  meteor  recorded  by  Dr.  "Weiss,  April  20,  1874, 
at  223°'4  —  5°*8.  April  13  cloudy.  On  the  14th  a  watch  of  i^ 
hour,  from  9^  to  10^  30",  revealed  only  4  meteors,  none  being 
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Lyraids.  Two  stationary  meteors  of  the  2nd  and  3rd  magnitudes 
respectively  were  recorded,  the  former  at  206°  —8°,  and  the  latter 
at  207°  +25°,  the  positions  being  very  accurately  noted.  The  first 
supports  a  new  and  active  shower  deduced  by  Mr.  Denning,  from 
his  own  observations,  at  206°  —8°,  April  16  to  May  31,  and  from 
Italian  Met.  Assoc.  Obs.  1872,  at  204*^  —8°.  Mr.  Corder  places 
the  radiant  from  his  observations  at  208°  —6°.  Mr.  Denning  also 
noted  the  shower  in  1874  and  1876  at  209°  —3°  and  207°  —7° 
April  13-27.  The  close  accordance  between  the  several  indepen- 
dent determinations  of  the  radiant-point  would  seem  to  fix  the 
exact  centre  with  remarkable  precision,  the  mean  being  206°* 7 
—  6°7.  A  succession  of  cloudy  and  stormy  evenings  imfortunately 
prevented  any  further  watching  until  the  19th,  when  an  observa- 
tion of  2^  hours,  from  lo*"  30°"  to  13**,  was  obtained  (the  sky  being 
clear),  and  only  4  meteors  were  recorded,  there  seeming  to  be  a 
remarkable  paucity  of  shooting- stars.  Of  the  4  recorded,  one  was 
undoubtedly  a  Lyraid.  Two  others  with  foreshortened  paths,  near 
o  Lyr»,  of  a  decided  blue  colour,  with  short  streaks  and  rapid 
motion  (which  would  most  likely  be  taken  by  the  majority  of 
observers  for  members  of  the  Lyraid  shower,  especially  if  not 
accurately  noted),  indicated  very  strongly  a  position  a  few  degrees 
north  of  the  true  Lyraids;  and  from  two  other  foreshortened  paths, 
recorded  very  accurately  on  the  following  evening  (20th),  a  radiant- 
centre  was  well  deduced  at  272°  'j-41^'^.  This  position  is  sup- 
ported by  a  stationary  meteor,  recorded  by  Dr.  Weiss,  April  21, 
1870,  at  272°-8  4- 40°' I.  If  this  should  prove  to  be  an  indepen- 
dent contemporary  display,  it  would  perhaps  serve  to  explain  the 
heretofore  recorded  discrepancy  in  the  many  independent  deduc- 
tions of  the  true  Lyraid  radiant-centre,  from  the  fact  that  its 
members  have  been  confounded  with  the  true  Lyraids.  Further 
observations  of  this  strongly  suspected  concomitant  shower  are 
required.  A  watch  of  3^  hours,  from  8**  30"  to  12**,  was  obtained 
on  the  20th,  and  meteors  were  found  to  be  more  plentiful,  18 
being  recorded,  4  of  them  being  very  bright,  =ist-mag.  st^rs.  A 
careful  scrutiny  of  the  recorded  paths  indicated  a  fertile  return  of 
the  Lyraids,  8  meteors  being  undoubtedly  members  of  this  stream. 
Their  paths  were  rather  short,  their  motions  rapid,  with  streaks, 
and  nearly  all  were  of  an  orange  colour.  No  foreshortened  paths 
were  recorded  near  the  centre  of  radiation,  but  the  paths  mapped  ^ 
gave  a  very  well-determined  position  at  274°  +34°  (sky  remarkably  /' 
clear).  On  the  2i8t  10  meteors  were  recorded  during  a  watch  of  ' 
2^  hours,  from  8**  30°*  to  II^  only  one  being  a  Lyraid.  Two  "^ 
nearly  stationary  meteors  were  quite  accurately  fixed  at  262**  +17°  ' 
and  238°  —  7°.  During  a  watch  of  2  hours,  from  S^  30"  to  10**  30"*, 
on  the  22nd  (the  sky  being  clear),  only  5  meteors  were  recorded, 
3  of  them  very  faint.  No  Lyraids  seen.  On  the  23rd  an  hour's 
watch  was  taken,  in  a  clear  sky,  from  1 1*"  to  12**,  and  only  4  were 
recorded.  The  24th  and  25th  were  cloudy.  The  last  observation 
was  obtained  on  the  26th  from  ii**  30™  to  13**  (i^  hour),  and  6 
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meteors  were  mapped,  none  being  Lyraids.  These  obserrations 
seem  to  show  the  Lyraids  to  have  been  a  feeble  and  short-lived 
shower  this  year,  and  also  that  the  contemporary  showers  (as 
observed  in  the  east  quadrant)  were  few  and  unimportant.  The 
following  centres  of  radiation  were  deduced  from  the  56  meteors 
mi^ped: — 

.    E.A. 


I. 

Apr 

.  12-26 

2. 

» 

20-26 

3. 

w 

20-22 

4. 

» 

22-26 

5. 

»> 

19-20 

6. 

»» 

19-21 

0 

206 

0 
Dec.  -  8 

5  meteors, 

242 

+  24 

4or5„ 

245 

+  50 

3 

253 

+  5 

5 

272 

+41-5 

4        » 

274 

+34 

10 

1.  Meteors  quite  bright,  short,  and  rather  slow;  position  very 
accurately  deduced. 

2.  Meteors  quite  faint,  short,  and  rapid.  A  feeble  return  of  the 
Coronids. 

3.  Meteors  quite  faint,  short,  and  rapid.    Draconids,  No.  i. 

4.  Meteors  bright,  short,  and  rapid;  position  very  accurately 
deduced  from  a  ist-magnitude  stationary  meteor  seen  on  the  22  nd 
and  visible  one  second.  Principally  seen  on  the  23rd.  Appears 
to  confirm  a  position  deduced  by  Mr.  Denning  from  Italian  Met. 
Assoc.  Obs.  1872,  at  251®  +8°,  May  3-15.  Dr.  Weiss  recorded  a 
stationary  meteor  Apnl  22,  1874,  at  2 48°* 8  -t-6°-i  ;  Denning, 
April  16-19,  at  220°  +2°. 

5.  Meteors  quite  bright,  short,  and  rapid;  position  well  deduced. 
New  ?,  or  possibly  a  branch  of  the  Lyraids. 

6.  Meteors  generaUv  bright,  short,  and  rapid.     Lyraids. 
There  were  other  feeble  showers  suspected  from  positions  at 

EA.  219°  — 8^  207°  +25°,  and  237°  +5%  3  meteors  each. 

On  April  19  there  was  an  auroral  display  in  the  N.,  confined  to 
a  steady  glow  with  a  few  faint  streamers.  Observations  made  at 
Oambridgeport,  Mass.,  U.S.A.  Edwin  P.  Sawtee. 


Spectroscopic  Observations  on  Brorsen's  Comet,  1879. 

I  SAW  this  comet  for  the  first  time  on  March  20,  but  was  prevented 
by  clouds  from  making  any  observations  on  that  night.  I  saw 
its  spectrum  for  a  very  short  time  with  a  small  star-spectroscope, 
and  noted  three  bright  bands  in  it  and  a  very  faint  continuous 
spectrum. 

I  observed  the  comet  a  second  time  on  March  25,  when  it  was 
BO  bright  that  I  could  see  it  in  the  finder.  With  power  240  it  was 
very  granulated  and  showed  a  large  condensation  in  the  middle. 

The  spectrum  contained  three  bright  lines,  very  wide  and  misty,  on 
both  sioes ;  and  it  was  not  possible  to  reduce  them  to  a  line  with 
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uny  width  of  slit.  There  was  also  a  faint  continuous  spectrum  in 
the  field  of  the  spectroscope  between  5732  and  4550  tenth-metres 
of  waye-length.  I  measured  on  this  day  the  three  bands  five 
times  with  a  micrometer. 

I  was  prevented  by  clouds  from  again  observing  the  comet  till 
April  14.  The  comet  was  then  so  bright  that  I  could  see  it  in  the 
twilight  with  the  6|-inch  Merz  refractor ;  it  showed  a  large  con- 
densation in  the  centre,  where  tliere  was  a  little  nucleus  like  a  star 
of  the  tenth  magnitude.  I  observed  certainly  polarized  light  on  the 
comet  with  a  VogeVs  polariscope  (Nicol  prism  and  oscillating  quartz). 
Of  the  three  bands,  that  in  the  middle  was  the  brightest,  that  in  the 
yellow  was  next  in  brightness,  and  that  in  the  green  was  the  faintest. 

The  continuous  spectrum  was  measured  as  follows : — from  5695 
to  4640  tenth-metres  of  wave-length.  Ten  meas'ures  were  made 
of  the  bright  lines,  5  being  made  at  the  beginning  of  the  observa- 
tions, after  this  a  comparison  of  the  cometary  spectrum  with  hydro- 
carbon gases,  and  finally  5  more  measures  of  the  bright  lines. 

The  continuous  spectrum  was  not  at  all  emitted  from  the 
nucleus  of  the  comet,  as  was  the  case  with  the  comet  Coggia  in 
1874.  In  this  comet  the  continuous  spectrum  is  as  extended  as 
the  bright  lines,  whilst  with  the  comet  Coggia  the  continuous 
spectrum  was  only  a  narrow  line,  but  much  brighter  than  in  this  comet. 

May  15.  I  made  only  five  micrometric  measures  of  the  bright 
lines  of  the  comet-spectrum.  The  comet  was  very  large,  but  not  so 
bright  as  it  had  been.  The  state  of  the  atmosphere  was  very  bad 
this  evening. 

The  mean  of  20  measures  gives  the  following  values  for  the 
wave-lengths : — 

Band     I.  5605  tenth-metres. 

Band    11.  5146  „ 

Band  III.  4823  „ 

I  compared  the  spectrum  of  the  comet  with  the  following 
hydrocarbon  spectra,  and  have  also  measured  their  lines  for  com- 
parison with  tnose  of  the  comet : — i,  the  blue  fiame  of  a  Bunsen 
burner  (the  gas  was  from  benzine);  2,  an  original  tube  by  Dr. 
Geissler  (Bonn),  marked  C^Hg;  3,  a  similar  tube  marked  "Alcohol"; 
and  4,  a  similar  tube  marked  "  Leucht-gas "  (coal-gas) ;  and  I 
give  the  results  for  all  these,  together  with  the  measures  of  lines 
in  a  hydro-carbon  spectrum  by  M.  Lecoq  de  Boisbaudran. 


Comet 
Brorsen. 

Bunsen 
burner. 

CA. 

"Leucht- 
gae  "*. 

"Alcohol." 

Lecoq  de 
B  isbaa- 

I.... 

n.... 

ni.... 

5605 
5146 
4823 

5638 
5148 
4825 

5580 

5155 
4860 

5580 
5148 
4848 

5580 
514S 
48*5 

5629 

4738 

*   "Leucht-gas"  is  probably  illuminating-gas  from  the  Bonn  gasometer 
and  probably  made  from  Buhrort  coals. 
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The  G^issler  tubes  were  made  incaDdesoent  with  a  EuhmkorfE 
induction-coil  of  moderate  dimensions  and  two  pint  Bunsen  cells. 

I  think  from  the  preceding  little  table  we  can  see  that  the 
spectrum  of  Brorsen's  comet  is  analogous  with  those  of  hydro- 
carbon ;  the  little  difEerences  may  result  from  the  different 
pressures  in  the  tubes ;  and  it  seems  very  desirable  that  anybody 
who  makes  vacuum  tubes  should  indicate  also  the  pressure  in  them. 

On  this  occasion  I  must  also  add  a  few  words  as  to  the  defini- 
tion of  my  large  reflector,  constructed  after  the  **  Lindsay  model " 
by  Mr.  John  Browning  of  London.  Li  the  beginning  of  this 
month  I  deduced  the  value  of  a  revolution  of  the  screw  of  a 
Browning's  double -image  micrometer,  and  observed  for  this 
purpose  a  Urs8B  Miuoris  in  the  afternoon.  In  the  evening  I  was 
curious  to  see  its  companion.  I  looked  for  it  before  sunset, 
and  I  saw  it  for  the  first  time,  with  power  208  (achromatic),  j^ve 
minutes  after  sunset,  I  called  my  astronomer  M.  Eegler  to  see 
it,  and  this  gentleman  saw  the  companion  very  well  10  minutes 
after  sunset.  I  think  this  is  the  best  recommendation  for  Mr. 
Browning's  reflector.  My  reflector  has  a  clear  aperture  of  10^ 
inches  and  6  feet  5  inches  focus.  Kicolas  de  Konkoly. 

O  Gtyalla  Obflerratory,  1879,  Jane  30. 


Conjunction  of  Mars  and  Saturn,  1879,  June  30,  observed 
at  Cadiz. 

I  BETUKKED  from  the  country  on  the  27th,  exclusively  for  the 
purpose  of  observing  this  phenomenon.  Some  time  ago  I  received 
a  reflecting  equatoreal  telescope  by  Browning  of  8|  inches ;  through 
my  absence  the  instrument  was  dismounted  and  I  erected  it  for 
the  first  time  on  the  evening  of  the  27th. 

I  had  never  seen  an  instrument  of  this  class  before,  and  I  ex- 
perienced some  difficulties  in  arranging  the  stand,  circles,  speculum, 
flat,  Ac. ;  notwithstanding  this,  in  two  hours  all  was  put  in  order, 
and  the  equatoreal  erected  on  the  terrace  of  my  house. 

On  the  30th  the  night  was  superb  and  not  a  single  cloud  was 
visible,  but  the  air  was  unsteady  ;  the  wind  was  light,  blowing 
from  N.E.,  and  warm.  I  obtained,  however,  some  beautiful  views 
of  Jupiter  with  a  power  of  208  diameters. 

At  12^  23"  Cadiz  mean  time,  I  perceived  the  two  planets 
in  conjunction  veith  an  eyepiece  magnifying  60  times ;  but,  on 
account  of  their  low  altitude,  1  could  not  see  their  details.  Mars 
was  gibbous,  and  red,  as  in  a  non-achromatic  instrument.  Saturn 
partially  red,  and  with  motions  like  expansions  and  contractions ; 
it  was  impossible  to  see  the  ring. 

At  12^  40"  the  two  planets  were  easily  divided  by  the  naked 
eye ;  one  was  red  and  the  other  white,  very  brilliant :  through  the 
telescope  Mars  was  red  and  Saturn  yellowish  like  a  topaz ;  the 
amsa  near  Mars  was  red  and  the  more  distant  one  very  light  green. 
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At  12^  50",  with  power  125, 1  saw  the  images  rambow-tinted 
(irimdas  in  Spanish)  and  diffused  ;  I  perceived  two  very  small  stars 
at  4  and  8  minutes  approximately  from  Mars  forming  a  right  angle. 
The  two  planets  were  seen  at  the  same  time  in  the  field  of  the 
telescope. 

At  13^  o""  I  saw  Saturn  with  many  details,  but  Mars  continued 
rainbow-tinted. 

At  13**  5™  I  put  in  the  eyepiece  of  208  diameters,  and  I  could 
perceive  very  distinctly  the  belts  or  bands  of  Saturn,  but  the 
definition  of  Mars  was  not  improved. 

At  13**  20™  I  inserted  a  low  eyepiece,  and  pushing  it  out  of  focus 
I  formed  two  tangent  disks  ;  that  of  Mars  was  reddish  and  yellow- 
ish and  that  of  Saturn  pale  green  ;  focussing  properly  with  this 
eyepiece  1  saw  the  two  small  stars  near  Mars,  and  two  satellites 
of  Saturn.  Mars,  one  of  the  stars,  and  the  more  conspicuous 
satellite  were  exactly  in  a  straight  line ;  the  colour  of  Mars  was 
red,  and  that  of  Saturn  greenish,  and  nearly  white,  but  not  livid 
or  gloomy. 

At  13**  30™  I  saw  with  this  eyepiece  four  satellites  of  Saturn. 

These  are  all  my  observations  on  the  conjunction  ;  I  could  not 
employ  the  micrometer  to  take  any  measures,  as  I  had  not  bad  an 
opportunity  of  trying  it.  Augusto  T.  Abcimis. 

Cadiz,  1879,  July  6. 


The  University  Observatory,  Oxford^. 

In  accordance  with  the  Statute  "  Of  the  University  Obsenatory," 
I  have  now  the  duty  of  laying  before  the  Board  of  Visitors  the 
third  Eeport  of  the  various  kinds  of  work  which  have  been  carried 
on  at  the  University  Observatory  during  the  last  twelve  months, 
and  of  the  general  condition  of  the  instruments  therein.  The  Lec- 
ture Room  is  completed  in  every  particular,  and  I  have  found  the 
interior  arrangements  very  convenient  for  the  purposes  originally 
designed. 

Lectures, — During  the  Michaelmas  Term,  fourteen  students  at- 
tended lectures.  In  the  Hilary  Term,  two,  and  during  the  Easter 
and  Trinity  Terms,  ten.  Independently  of  these  lectures,  four 
graduates,  connected  with  tuition  in  the  University,  have  availed 
themselves  of  the  use  of  the  instruments  to  a  very  considerable 
extent,  in  order  to  complete  their  acquaintance  with  practical  As- 
tronomy. Two  of  these  latter  gentlemen  studied  also  and  applied 
themselves  to  the  use  of  the  Sextants,  which  have  been  provided 
out  %f  the  funds  of  the  Observatory.  The  two  public  lectures  on 
the  Astronomy  and  Astronomical  Instruments  of  Ptolemy  and  Hip- 
parchus  were  attended,  respectively,  by  fifty-eight  and  ninety-one 

*  Beport  of  the  Savilian  Professor  to  the  Board  of  Yitttors,  read  1879, 
Jane  4, 
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members  of  the  XJniTersity  and  their  friends,  and  I  was  happy  to 
observe  a  considerable  proportion  of  tmdergraduates  among  them. 
Idfe  and  healtii  being  given,  I  feel  encouraged  to  continue  this  form 
of  lectures  in  future  Terms,  until  I  shall  have  detailed  and  illus- 
trated the  history  of  Astronomy  to  the  present  epoch.  Lectures 
also  were  offered  on  the  Physical  Libration  of  the  Moon  and  on 
Solar  Physics.  But  until  some  material  advantages  are  offered  to 
students,  in  some  degree  corresponding  to  those  valuable  and  nu- 
merous rewards  which  are  at  once  reaped  from  the  other  studies  of 
the  University,  I  can  hardly  expect  that  justice  can  be  done  to  the 
difficult  subject  of  Astronomy,  or  to  what  I  believe  to  be  the  un- 
usually great  opportunities  provided  by  the  University  for  the 
students  at  the  Observatory.  In  plain  language,  the  study  of 
Astronomy  is  supposed  not  to  pay  sufficiently  well  in  the  public 
examinations  to  encourage  students  to  take  it  up. 

Instruments,  Sfc. — The  large  Equatoreal  Eefractor  and  the  De  La 
Hue  Beflector  are  in  good  working  condition;  but  it  is  the  experi- 
ence and  the  dictum  of  one  of  the  ablest  of  modem  astronomers, 
that  a  thorough  examination  of  important  optical  instruments  about 
every  four  years  is  essential  to  their  successful  preservation.  I 
suggest,  therefore,  that  the  large  Equatoreal  be  overhauled  by  its 
constructor  in  the  course  of  the  year.  This  instrument  has  been 
in  constant  use  for  the  formation  of  an  accurate  chart  of  about  forty 
of  the  stars  in  the  Pleiades,  partly  (as  I  have  already  stated  in  my 
last  Eeport)  with  the  view  of  ascertaining  the  proper  motions  of 
the  members  of  this  remarkable  group  by  comparing  their  present 
co-ordinates  with  those  obtained  by  Bessel,  half  a  century  ago;  and 
partly  with  the  hope  of  ascertaining  whether  the  new  duplex  Mi- 
crometer, with  which  the  measures  have  been  taken,  bears  a  fair 
comparison  with  the  merits  of  the  far  more  costly  Heliometer. 
The  results,  now  in  course  of  reduction,  I  propose  to  publish  in 
Part  n.  of  the  Oxford  Observations.  Nearly  300  photographs  of 
the  Moon  have  been  taken  by  means  of  the  De  La  Kue  Keflector, 
and  the  measures  of  those  already  secured  for  the  computation  of 
the  Moon's  physical  libration  are  advancing  favourably.  Consider- 
able labour  has  been  bestowed  upon  the  determination  of  the  scales 
of  the  De  La  Eue  measuring  engine ;  and  it  is  satisfactory  to  find 
from  various  intercomparisons  that  the  scales  of  this  instrument, 
and  of  the  duplex  Micrometer,  and  of  the  ordinary  filar  Micro- 
meter, are  in  good  accord.  With  the  view  of  ascertaining  how  far 
the  lunar  photographs  can  be  relied  on  for  minute  and  delicate 
measurements,  micrometrical  measures  of  the  shadows  of  several 
prominent  lunar  mountains  were  secured  in  the  Refracting  Tele- 
scope, simultaneously  with  the  taking  of  photographs  with  the  Ee- 
flector ;  the  latter  were  then  measured  in  the  De  La  Eue.  engine, 
and  it  was  satisfactory  to  find  that  the  results  of  the  telescopic  and 
of  the  photographic  measures  were  in  close  accordance,  within  the 
limits  of  the  unavoidable  errors  of  observation.  Having  acquired 
this  confidence,  I  devised  an  improvement  on  Olbers's  method  of 
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computing  the  heights  of  lunar  formations,  and  have  applied  the 
method  to  the  practical  determination  of  the  heights  of  several 
mountains.  I  may  here  mention  that  a  still  further  proof  of  the 
reliability  of  celestial  photography  (in  at  least  one  of  its  applica^ 
tions)  may  be  gathered  from  the  following  facts.  From  measure- 
ments and  computations  founded  on  sixteen  of  the  Oxford  photo-^ 
graphs,  a  provisional  determination  of  the  Moon's  semi-diameter 
has  been  obtained.  The  Oxford  photographic  result  differs  from 
the  *  Nautical  Almanack '  value  only  by  o"*  1 1 8.  It  may  also  be  re- 
marked that  the  probable  error  of  this  result  is  less  than  one  half  of 
the  probable  error  of  the  result  obtained  by  Wichmann,  who  adopted 
methods  of  reduction  similar  to  ours,  but  who,  instead  of  a  photo- 
graphic process,  observed  with  Bessel's  Konigsberg  Heliometer. 
The  results  will  be  embodied  in  the  forthcoming  fasciculus  of  Ob- 
servations. 

The  periodical  comets  of  Tempel  and  of  Brorsen  have  been  well 
observed,  and  it  is  my  intention  to  adopt  these  measures  in  the 
determination  of  the  elliptic  elements  of  the  present  orbit  of 
the  latter. 

In  the  first  fasciculus  o£  the  Oxford  Observations,  the  computa- 
tion of  the  elements  of  the  elliptic  orbits  of  a  few  binary  stars  were 
published ;  these  stars  have  been  re-observed,  and  it  is  satisfactory 
to  find  the  observed  and  computed  relative  positions  of  the  binary 
components  in  remarkably  fair  accordance.  These  results,  also,  it 
is  proposed  to  publish  at  the  end  of  the  present  year. 

I  propose  during  the  next  few  months  to  apply  the  three  tele- 
scopes of  different  apertures,  mounted  on  the  large  Befracting 
Equatoreal,  in  the  measurements  of  the  diameters  of  ^ye  of  the 
planets,  applying  to  each  of  the  three  telescopes  a  filar  and  an 
Air/s  divided  eyepiece  micrometer.  The  comparison  of  the  re- 
sults may  be  hoped  to  be  both  interesting  and  instructive.  These 
also,  it  is  hoped,  will  find  a  place  in  the  next  fasciculus  of  our  Ob- 
servations. 

Dr.  De  La  £ue,  with  his  usual  generosity,  has  been  at  the  ex- 
pense of  procuring  the  refiguring  of  one  of  the  silver-on-glass 
mirrors  of  13  inches  aperture,  by  Mr.  With.  This  most  skilful 
artist  speaks  of  it  as  his  final  and  best  performance. 

I  trust  that  the  preparation  and  the  delivery  of  the  lectures  re- 
ferred to,  and  the  completion  of  the  astronomical  researches  here 
detailed,  may  be  accepted  as  evidences  of  the  activity  of  the  Obser- 
yatory,  and  of  the  realization  of  the  objects  for  which  it  has  been 
established. 

The  Library, — Several  important  presents  of  books  have  come  to 
us  from  various  sources,  notably  from  the  Observatories  of  Pulkova 
and  Washington.  The  German  government  also  has  presented  the 
Observatory  with  Schmidt's  large  Map  of  the  Moon,  which  is  now 
mounted  and  placed  on  the  wall  of  the  Lecture  Boom.  Lady 
Herschel  has  also  presented  the  Observatory  with  a  valuable  pho- 
tograpl  ic  portrait  of  Caroline  Herschel. 

The  room  provided  for  the  Library  is  now  ready  to  receive  its 


Digitized  by 


Google 


1879.]  Ufdverriiy  Observatory,  Os^ord.  Ill 

book-cases.  There  is  a  balance  reserved  in  the  hands  of  the  Cura- 
tors of  the  University  Chest  voted  by  Convocation  for  this  purpose ; 
I  would  suggest  that  the  Board  of  Visitors  should  apply  for  the  sum 
that  is  necessary  for  the  proper  reception  of  the  books  already  ex- 
isting, and  for  those  expected  in  the  future.  There  will  then  be 
ample  room  for  the  ancient  and  valuable  books  contained  in  the 
Savilian  Library,  which  are  at  present  very  inadequately  and  in- 
conveniently (not  to  say  dangerously)  housed  in  a  very  small  room 
contiguous  to  the  Bodleian  Library.  If  placed  in  the  University 
Observatory  they  would  be  far  more  accessible  and  probably  more 
useful.  For  this  transfer  I  understand  that  I  have  the  consent  of 
the  Savilian  Professor  of  Geometry,  who  with  me  is  a  joint  keeper 
of  Sir  Henry  Savile's  Library.  If  such  an  arrangement  is  to  be 
effected,  it  would  be  proper  to  supply  the  Savilian  Professor  of 
Geometry  with  a  key  of  the  University  Observatory  and  of  the 
Library  therein. 

During  the  last  three  months  I  have,  from  the  resources  of  the 
Observatory,  supplied  two  of  the  city  journals  with  the  weekly 
duration  of  sunshine  and  the  amount  of  the  weekly  rainfall.  The 
former  is,  I  believe,  at  present  unique  in  its  announcement. 

The  grant  of  £400  per  annum  for  four  years,  and  the  generous 
allowance  of  J0ioo  per  annum  paid  by  Dr.  De  La  Rue  for  the 
stipend  of  the  second  assistant  during  the  same  period,  both  expire 
on  December  31  of  the  present  year.  By  dint  of  a  most  scrupu- 
lous economy,  these  sums  have  hitherto  sufficed  to  ensure  the 
efficient  progress  of  the  Observatory  business.  Biit  they  have  left 
no  margin  whatever  for  the  purchase  of  necessary  books,  and  the 
stipend  of  the  first  assistant  (now  ^£260  and  increasing  by  J02O  an- 
nually until  it  reaches  ^£300  per  annum)  would  absorb  by  far  the 
greater  part  of  the  present  University  allowance,  leaving  no  pro- 
vision whatever  for  the  junior  assistant,  nor  for  the  other  moderate 
but  unavoidable  expenses  of  the  establishment. 

It  may  be  desirable  here  to  remind  the  Board  of  Visitors,  that 
in  June  1877  a  committee  of  their  Board  inquired  into  the  question 
of  what  annual  expenditui*e  was  necessary  for  the  efficient  but 
economical  conduct  and  maintenance  of  the  Observatory.  The 
result  of  their  deliberations  was  that  the  sum  required  amounted 
to  X710  per  annum*,  and  the  necessity  for  providing  this  sum  was 

*  The  items  of  this  expenditure,  as  transmitted  by  the  Board  of  YidtorB  to 
the  Umversity  Commission,  are- as  follows : — 

First  Assistant ^300 

Second  Assistant  and  Photographer 150 

Attendant 80 

Library  and  Building 30 

Maintenance  of  Instruments 30 

Photography    35 

Coals,  Water,  and  Gas    35 

Sundries  (say) 50 

^6710 
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commumcated  by  tbe  Vice-Chancellor,  as  chairman  of  the  Board,  to 
the  University  Commissioners,  now  in  session.  For  the  present, 
however,  and  until  the  arrangements  of  the  Commissioners  are 
completed,  it  may  be  possible  to  postpone  the  realization  of  the 
whole  of  this  recommendation  of  the  Board,  and  for  the  next  few 
years  the  necessary  expenses  might  be  covered  by  a  sum  of  £600 
per  annum,  now  that  Dr.  De  La  Rue's  subsidy  has  properly  come 
to  an  end.  Of  course  all  this  arrangement  depends  upon  the  judg- 
ment of  Convocation. 

Very  loyal  and  able  co-operation  has  been  invariably  accorded  to 
me  by  the  two  intelligent  assistants  attached  to  the  Observatory. 

It  was  with  no  slight  satisfaction  that  I  found  our  home  re- 
sources sufficient  for  the  reconstruction  of  working  n^odels  of 
Ptolemy's  ancient  astronomical  instruments,  and  of  other  accesso- 
ries required  for  the  illustration  of  my  lectures.        C.  Pbitchabd, 


Magnetism  and  Solar  Spots. 

Among  the  various  terrestrial  phenomena  the  changes  in  which 
it  has  been  sought  to  connect  with  the  changes  observed  in  solar 
spots,  there  is  perhaps  only  one  in  which  such  correspondence  can 
be  said  to  be  any  thing  like  well  made  out — that  of  magnetism.  Not 
but  that  if  the  solar-spot  variation  is  felt  in  one  way,  it  must  also 
be  felt  in  others ;  more  than  probably  this  is  the  case,  but  the  con- 
nexion can  scarcely  be  accepted  as  satisfactorily  established,  except 
as  regards  the  element  mentioned,  the  accumulated  evidence  in 
respect  to  which  seems  to  prove  that  the  magnetic  diurnal  ranges  un- 
doubtedly increase  and  decrease  in  magnitude  with  the  increase  and 
decrease  of  solar  spots.  The  connexion  was  many  years  ago  first  sug- 
gested bv  General  Sir  E.  Sabine.  Dr.  Wolf,  of  Ziirich,  has  since  been 
one  of  the  most  diligent  workers  at  the  question  :  his  investigations 
on  the  subject  are  to  be  found  in  his '  Astronomische  Mittheilungen,' 
results  taken  from  which  we  have  at  different  times  laid  before  our 
readers.  He  lately  communicated  to  the  memoirs  of  the  Boyal 
Astronomical  Society  (Vol.  xliii.)  a  very  complete  Table  of  monthly 
sun-spot  values  extending  from  the  year  1749  to  the  year  1876. 
This  Table  attracted  the  attention  of  Mr.  Ellis,  of  the  Eoyal  Ob- 
servatory, Green\^ich,  who  was  induced  to  apply  the  long  series  of 
magnetic  observations  made  at  the  Eoyal  Observatory,  and  reaching 
back  to  the  year  1841,  as  an  independent  test  of  the  accuracy  of 
the  generally  received  relation  between  solar  spots  and  magnetism. 
His  results  are  embodied  in  a  paper  read  before  the  Eoyal  Society 
on  1879,  ^*y  ^>  "  ^^  ^^®  Eelation  between  the  Diurnal  Eange 
of  Magnetic  Declination  and  Horizontal  Force,  as  obsen^ed  at 
the  Eoyal  Observatory,  Greenwich,  during  the  years  1 841  to  1877, 
and  the  Period  of  Solar  Spot  Frequency." 

We  believe  that  the  comparison  of  magnetic  diurnal  ranges  with 
sun-spot  changes  had  hitherto  been  made  only  in  the  case  of  the 
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element  of  Declination.  But  Mr.  Ellis  wished  to  institute  a  more 
complete  comparison,  and  desired  to  include,  not  only  the  variations 
of  Declination,  but  abo  those  of  Horizontal  Force  and  Vertical 
Force,  representing,  respectively,  variations  towards  the  west, 
towards  the  north,  and  directly  downwards — a  much  more  thorough 
manner  of  dealing  with  the  question.  He  found,  however,  that 
the  results  for  vertical  force  were  not  very  manageable ;  the 
vertical-force  instrument  had  been  more  than  once  changed,  and 
the  results  present  some  anomalies,  which  are  possibly  in  part  in* 
strumental.  The  inequalities  of  Declination  and  of  Horizontal 
Force  are,  however,  both  completely  discussed :  in  regard  to  these 
elements,  the  observations  have,  throughout,  been  made  on  the 
same  general  plan  and  with  the  same  instruments  ;  the  results  are 
therefore  well  adapted  for  an  inquiry  of  the  kind.  The  obeer- 
yations  are  treated  from  1841  to  1877,  a  period  of  37  years.  The 
mean  diurnal  range  of  declination  in  each  individual  month 
(omitting  days  of  unusual  magnetic  disturbance)  is  taken  to  re- 
present the  magnetic  energy  of  the  month.  Similarly  for  horizontal 
force.  Two  series  of  numbers  are  thus  formed.  Each  series  is 
then  smoothed  by  taking  the  mean  of  each  twelve  consecutive 
monthly  numbers,  and  again  the  mean  of  each  two  consecutive 
numbers.  The  numbers  so  obtained  are  strictly  comparable  with 
those  given  by  Dr.  Wolf  in  the  Table  already  referred  to,  in  pre- 
paring which  he  has  used  a  precisely  similar  process.  From  these 
various  series  of  numbers  curves  are  drawn  which  show  great 
similarity.  Epochs  of  minima  occur  in  the  years  1843,  1856,  and 
1867,  and  epochs  of  maxima  in  the  years  1848,  i860,  and  1870. 
On  tabulating  the  several  epochs  it  is  found  that  the  mean  magnetic 
epoch,  on  the  whole,  follows  the  sun-spot  epoch  by  0*27  of  a  year: 
by  another  method  of  treatment  this  becomes  reduced  to  0*10  of  a 
year.  It  was  no  part  of  Mr.  Ellis's  plan  to  determine  the  average 
length  of  the  period  ;  he  simply  wished  to  show  that  the  magnetic 
and  sun-spot  oscillations  are  in  dose  accord,  and  this  appears  to  be 
completely  done. 

The  general  circumstance  that  the  diurnal  ranges  of  magnetic 
elements  are  subject  to  an  eleven-year  period,  similar  to  that  of 
sun-spots,  being  considered  to  be  satisfactorily  established,  it  seemed 
desirable  to  ascertain  whether  the  more  fitful  changes  of  the  pheno- 
mena in  any  way  also  correspond.  In  order  to  make  this  com- 
parison, the  magnetic  numbers,  instead  of  being  smoothed,  as  before 
described,  were  now  cleared  only  of  the  average  annual  inequality, 
and  compared  with  the  a^^ual  monthly  sun-spot  numbers  (not  the 
smoothed  numbers  as  before).  Curves  are  given,  founded  on  these 
numbers,  and  they  show  some  very  remarkable  correspondences 
between  the  more  rapid  sun-spot  and  magnetic  variations,  es- 
pecially between  the  years  1869  and  1873.  It  is  remarked  that 
•  the  magnetic  results  appear  to  be  sensibly  improved  since  the  instru- 
ments were  placed  (in  the  year  1864)  in  an  underground  apartment 
in  which  the  diurnal  range  of  temperature  is  less  than  i^. 
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Further  inquiry  seemed  to  point  to  a  variation  in  the  annual  in- 
equality of  magnetic  diurnal  range.  The  mean  annual  inequality 
is  determined  for  groups  of  three  years,  at  each  epoch  of  minimum 
and  maximum,  both  for  declination  and  horizontal  force.  Then, 
allowing  for  the  possible  influence  of  the  accidental  sun-spot 
variation,  it  appears,  on  the  mean  of  the  whole,  that  the  annual  in- 
equality is  sensibly  increased  at  the  time  of  a  sun-spot  maximum, 
and  diminished  at  the  time  of  a  sun-spot  minimum.  It  is  difficult 
to  enter  further  here  on  this  interesting  point. 

The  following  are  the  general  conclusions  supposed  to  be  derived 
from  the  whole  inquiry : — 

1.  That  the  diurual  ranges  of  the  magnetic  elemQnt«  of  decli- 
nation and  horizontal  force  are  subject  to  a  periodical  variation,  the 
duration  of  which  is  equal  to  that  of  the  known  eleven-year  sun- 
spot  period. 

2.  That  the  epochs  of  minimum  and  maximum  of  magnetic  and 
Bun-spot  effect  are  nearly  coincident ;  the  magnetic  epochs,  on  the 
whole,  occurring  somewhat  later  than  the  corresponding  sun-spot 
epochs.  The  variations  of  duration  in  different  periods  appear  to 
be  similar  for  both  phenomena. 

3.  That  the  occasional  more  sudden  outbursts  of  magnetic  and 
sun-spot  energy,  extending  sometimes  over  periods  of  several 
months,  appear  to  occur  nearly  simultaneously,  and  progress  col- 
laterally. 

4.  That  it  seems  probable  that  the  annual  inequalities  of  mag- 
netic diurnal  range  are  subject  also  to  periodical  variation,  being 
increased  at  the  time  of  a  sun-spot  maximum,  when  the  mean 
diurnal  range  is  increased,  and  diminished  at  the  time  of  a  sun- 
spot  minim  tmi,  when  the  mean  diurnal  range  is  diminished. 

Conclusions  Nos.  i,  2,  and  3  appear  to  be  sufficiently  certain, 
but  the  evidence  in  favour  of  No.  4  is  not  so  decisive. 

We  remark  with  satisfaction  one  point  in  this  inquiry.  The 
magnetic  results  have  been  published  from  time  to  time  in  the 
Greenwich  Observations,  as  also  have  Dr.  Wolfs  numbers  in  his 
*  Astronomische  Mittheilungen/  The  thorough  independence  of 
the  data  is  thereby  assured. 


Double  Stars  for  August. 
The  principal  pidrs  between  16*  and  21**  are  as  follows : — 

V  Scorpii.        E.A.  iff"  5",  Dec.  —19°  9'. 

Mag.A4,  B5,  C7.B8. 

AB  1878-2  o'*-8  o*'-8  Bumham. 

A  was  discovered  to  be  a  close  double  by  Mr.  Bumham  in  1874. 
Most  probably  a  binary  system. 
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AC  i877*5        336®  40"*  7  Kammarion. 

CD  1877*4  47  '4  I  'S6  Dembowski. 

CD  also  most  probably  form  a  physical  pair. 

S  2021=49  Serpentis.        E.A.  16^  7"-7,  Dec.  +13**  51'. 

Mag.  67,  6-9. 

1876-5       327°  s"'s6  Wilson. 

Binary.  Common  proper  motion  -f-o'*iS2  in  E.A,  and  — o"*369 
in  N.P  J). 

5  2032=<r  Cor.  Bor.        E.A.  16**  io»*2,  Dec.  +34°  10'. 

Mag.  A  5,  B  6,  C  13,  D 10. 

AB  1877-4        202^-3  3"-68  Wilson. 

A  O  1876-4         221  '7        15  -92  Hall. 

AD  1877-4  87-6         54  -15  Flammarion. 

AB  form  a  well-known  binary  system.  Doberck's  elements 
are :— T=  1826-93,  Q  =16°  27',  X=73°  51',  7=31°  56',  «=o-7S^S. 
a =s"-885,P= 845-86  years. 

2  2055  =  X  Ophiuchi.        E.A.  16*^  24"'*9,  Dec.  +2°  15'. 

Mag.  4,  6, 

1877-4  32*^-3  I  "-56  Doberck. 

Dr.  Doberck's  elements  are: — Q  5=  157°  21',  X=94°  16',  7=44** 
44',  «= 0-4930,  P=  233-89  years,  T5=i8o3'9i. 

5  2084  =  f  Herculis,        EA.  16**  36'"-8,  Dec.  +31*"  49', 

Mag.  3,  6-5. 

1877-5  134°  i"-24  HaU. 

Flammarion's  elements  are  : — Q  =26°  13',  X=5i°  11',  ^=287° 
10',  1=1864-90,  «=o-405,  a=i"-36,  P=34-58  years. 

S  2130=/!  Draconis.        B.A.  17**  2"-8,  Dec.  +54°  38'. 

Mag.  5,  5. 

1877-6         i69°-9         2"-49  Doberck. 

78-8         171-4           -56  Goldney. 

An  interesting  object.     Probably  binary.  Variable. 

S  2262=7  Ophiuchi.        E.A.  17''  56^-5,  Dec.  —8®  11'. 

Mag.  5,  6. 

1877-6        250^-5        i"-9o  Stone. 

Doberck's  elements  are: — 8=65^26',  X=4i° 24',  7=58^42', 
es=o-6o55,P= 217-87  years,  T=:i82 1-91. 

S  2272  =  70  Ophiuchi.        E.A.  17*  59"-4,  Dec.  +2°  32'. 

Mag.  4-5,  6. 

1877-7         78°-5  3"*i2  Stone. 

78-7         71-9  -17  Goldney. 
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S  2382=4  Lyrffl.        E.A.  i8*»  4o™-4,  Dec.  +39°  33'* 


;.  4-6.  6-3. 

1877-4 

i5°-3 

3"'24 

Doberck. 

787 

18 -6 

•28 

Goldney. 

2  2383  =  5  I'F®.        Mag.  4-9,  5-2. 

1877-4       i37°-6  2"-45  HaU. 

787       139  '5  '43  Goldney. 

5  2579=3  Cygni.        E.A.  19*"  4i"-2,  Dec.  +44°  50'. 

Mag.  3,  8. 

1877*1       330°- 1  I  "'63  Dembowski. 

Probably  binary.     Period  178  years  (Hind),  415  years  (Behr- 
mann). 

2  2737=€  Equulei.        E.A.  20**  53"-i,  Dec.  +3°  50'. 

Mag.  A  s-5»  B  7,  C  TS- 

AB  18777         289°-!         o''-83  Doberck. 

and  C  18777  73*4       10  '82  Plammarion. 

2 

A  remarkable  ternary  system.     . 


Mr.  Edward  Orosdey's  Obseryatory, 
Berinerside,  Halifax. 


Joseph  Gledhill. 


Meteor  Notes  for  August , 

Evening  observations  may  be  made  between  the  nth  and  25th, 
and  in  the  mornings  between  the  15th  and  29th.  The  Ferseids 
should  be  watched  for  on  every  fine  night  during  the  first  half  of 
the  month.  They  are  not,  however,  visible  in  any  numbers  until 
about  the  6th,  and  later  than  the  12th  not  many  are  seen.  The 
morning  hours  when  the  radiant  is  high  is  the  best  time  to  ob- 
serve them,  and  they  may  be  expected  to  appear,  as  in  187 1-74-77, 
at  the  rate  of  one  per  minute  at  least.  This  remarkable  shower 
deserves  more  than  ordinary  notice  at  its  return  this  year,  from  the 
fact  that  an  8-year  period  *  of  intensity  is  to  be  inferred  from 
existing  observations  as  follows  : — 

1839,  Aug.  10.  Heis  observed  160  meteors  per  hour. 

1847,  Aug.  10.  Heis  at  Aachen  recorded  501  meteors  between 

9**  10™  and  13*"  30°*  (4*'  20  ),  and  in  1848  the  horary  number 

at  Paris  was  no. 
1863,  Aug.  10.  An  unusually  rich  display  of  Perseids.    Prof. 

*  See  Phipson'a  '  Meteors,  Aerolites,  and  Falling  Stars/  p.  159. 
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Herechel  referred  to  it  as  "the  brightest  star-shower  that 
had  been  witnessed  in  England  since  the  Leonids  of  Nov, 
I2th-i3th,  1832." 
187 1,  Aug.  lo-ii.  An  exceptionally  brilliant  return  of  the  Per- 
seids  was  observed  on  these  nights. 

The  lapse  of  a  similar  interval  brings  us  to  the  present  year. 
There  appear  to  be  no  records  for  1855,  at  which  time  these  Per- 
seids  should  have  been  more  abundant  than  usual,  if  the  suspected 
periodicity  held  good,  and  it  would  be  interesting  to  consult  any 
observations  made  at  that  time. 

If  the  weather  is  clear  on  the  nights  of  August  9th,  loth,  and 
nth  this  year,  the  sky  should  be  watched  throughout,  and  the 
horary  number  of  Perseids  ascertained,  so  that  the  figures  may  be 
compared  with  the  numbers  similarly  derived  in  preceding  years, 
though  it  is  unfortunate  that  moonlight  will  slightly  interfere  with 
observation,  for  on  the  loth  the  moon  (at  her  last  quarter,  and 
rising  at  10**  6™)  is  visible  nearly  all  night,  and  will  overpower 
many  of  the  fainter  class  of  meteors.  There  is  more  than  one 
radiant-point,  for,  from  the  numerous  records  of  stationary  and  much 
foreshortened  meteors  seen  in  Perseus  at  this  epoch,  no  less  than 
three  centres  are  defined,  namely  at  B  Camelopardi,  x  Persei,  and 
y  Persei.  Thus  we  require  not  only  observations  of  the  intensity 
of  the  display,  but  also  of  the  several  distinct  points  of  departure ; 
and  it  seems  very  likely  that  the  shower  at  its  ensuing  return  may 
attract  much  attention  from  the  number  and  brightness  of  the 
meteors. 

The  list  of  known  meteor-streams  in  activity  this  month  has 
accumulated  to  such  an  extent  of  recent  years,  that  it  is  difficult  to 
select  those  of  chief  interest  as  affording  the  best  displays  ;  but  the 
positions  of  many  of  these  will  be  found  in  our  previous  references 
to  August  meteor-showers  (see  *  Observatory,'  vol.  i.  p.  125,  and  vol. 
ii.  pp.  131,  132).  The  observer  cannot  do  better  than  watch  during 
every  available  period  as  long  as  possible ;  then,  by  projecting  the 
paths,  deduce  his  own  radiants  and  compare  them  with  those  of 
former  observers.  This  is  prefei-able  to  looking  out  for  certain 
showers,  some  of  which  recur  with  such  feebleness  as  to  give  little 
due  to  their  existence. 

Fireballs  should  be  looked  for  on  the  3rd,  5th,  7th-i3th,  15th, 
i9th-2oth,  and  22nd. 

Becent  Observations, — A  bright  meteor  was  seen  by  several 
persons  at  Bristol  on  the  night  of  June  18  ;  but  the  descriptions  of 
its  apparent  path  are  too  vague  and  insufficient  to  be  serviceable. 
One  observer  writes: — "At 3  minutes  to  11  this  evening,  June  18, 
while  retumiug  homewards,  I  became  suddenly  aware  of  a  bright 
light  illuminating  the  ground,  and  on  looking  upwards  I  saw  a 
b^utiful  meteor.  It  appeared  of  immense  size,  nearly  six  inches 
in  diameter,  and  was  travelling  very  slowly  from  south  to  north  in 
almost  a  straight  line,  leaving  very  little  tail  behind  it." 

W.  F.  Denotbto. 
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CORRESPONDENCE. 

To  the  Editor  of  *  The  Observatory.' 

Bright  Lines  of  Oxygen  in  the  Solar  Spectrum. 

Sib,— 

I  was  not  a  little  disappointed  that,  in  the  discussion  on 
Dr.  Draper's  paper  at  the  last  meeting  of  the  Royal  Astronomical 
Society,  no  one  took  up  the  point  which  seems  to  me  to  be  the 
one  really  at  issue,  viz.  whether  certain  intervals  between  the  ab- 
sorption lines  of  the  solar  spectrum  have  or  have  not  the  right  to 
be  considered  bright  lines.  I  do  not  know  that  any  one  has  yet 
ventured  to  assert  that  these  intervals  are  one  whit  brighter  than 
the  average  spectrum  in  their  neighbourhood ;  but  be  this  as  it  may, 
it  is  beyond  all  question  that  if  there  be  any  superiority  of  brilliance 
at  these  points,  it  is  of  the  slightest. 

The  number  and  exactness  of  the  coincidences  between  the  inter- 
vals and  the  bright  lines  of  oxygen  have  no  direct  bearing  on  the 
question.  It  is  obvious  that  if  an  oxygen  line  happen  to  fall 
exactly  in  the  centre  between  two  solar  absorption  lines,  due,  say,  to 
iron,  it  is  no  more  proof  that  the  bright  space  between  them  is  a 
bright  line  of  oxygen,  than  is  the  dark  space  between  the  two  cor- 
responding bright  lines  of  iron,  when  obtained  in  a  terrestrial  la- 
boratory, a  proof  of  absorption  exercised  by  the  same  ga«.  It 
would  be  interesting  to  learn  that  the  wave-lengths  of  the  three 
lines  were  in  arithmetical  progression ;  but  this  is  all  the  observa- 
tion would  tell  us. 

The  same  argument  holds  good  with  regard  to  the  dark  lines  of 
the  other  elements.  The  space  between  a  line  of  titanium  and 
another  of  manganese  would  have  no  more  right  to  be  considered  a 
bright  line,  just  because  a  bright  line  of  oxygen  happened  to  coin- 
cide with  its  centre,  than  the  space  between  two  iron  lines.  It 
may  be  obiected  that  we  cannot  as  yet  "show  cause"  for  the  majority 
of  the  dark  solar  lines.  They  are  not,  on  that  account,  less  cer- 
tainly the  effect  of  absorption.  If  not  absorption  lines,  they  must 
be  the  effect  of  contrast.  But  it  is  impossible  to  conceive  that 
bright  lines  so  little  exceeding  the  average  spectrum  in  brilliance, 
that  most  observers  fail  to  detect  the  difference,  should  yet  by  their 
contrast  with  that  spectrum  give  rise  to  a  fictitious  appearance  of 
dark  lines.  The  utmost  that  can  be  conceded  is  that  possibly  one 
or  two  of  the  very  feeblest  spectral  lines  may  originate  in  this  way, 
an  admission  that  does  not  affect  the  matter,  for  the  spaces  in 
question  are  bounded  by  dark  and  well-defined  lines. 

The  dark  lines,  or,  at  all  events,  all  but  the  very  feeblest,  being 
due  to  absorption,  the  spaces  between  have  no  significance  whatever 
apart  from  them.  They  may^  indeed,  contain  bright  lines ;  but 
until  these  bright  lines  are  exhibited  as  such — until,  that  is,  certain 
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portions  of  the  spectrom  are  shown  to  be  definitely  brighter  than 
the  average — ^the  bright  spaces  have  no  more  significance  than  the 
dark  spaces  which  separate  star  from  star  in  the  midnight  sky.  Tke 
stars  are  the  important  features  in  the  sky,  the  rest  is  dark  of  ne- 
cessity. The  absorption  lines  are  the  important  features  in  the 
spectrum,  the  rest  is  bright  of  necessity. 

This  l^ids  us  to  a  furUier  consideration.  The  slight  inexactness 
of  a  coincidence  would  be  in  itself  no  disproof  of  the  connexion 
between  certain  bright  lines  in  the  solar  spectrum  and  oxygen. 
We  can  hardly  imagine  that  the  lines  of  that  gas  are  so  neatly  dis- 
posed with  regard  to  those  of  all  other  spectra  whatsoever,  that  in 
no  single  case  does  a  line  of  any  other  element  overlap  a  line  of 
oxygen,  still  less  that  the  other  solar  elements  give  pairs  of  lines 
so  judiciously  arranged  that  the  oxygen  lines  invariably  take  up 
their  position  in  the  exact  centre  of  a  couple.  Supposing,  then, 
that  oxygen  does  evidence  itself  in  the  solar  spec^m  by  faint 
bright  lines,  we  should  expect  the  coincidences  between  these  lines 
and  those  of  oxygen  to  be  by  no  means  always  perfect.  Sometimes 
a  dark  absorption  line  would  overlap  the  bright  line,  and  make  it 
appear  not  only  displaced,  but  altered  in  character,  or  sometimes 
the  absorption  line  would  divide  the  bright  line  or  even  obliterate 
it.  Such  an  exactness  of  coincidence  as  that  of  which  Mr.  Ban- 
yard  spoke,  but  which  neither  Dr.  Draper  claims,  nor  his  photo- 
graphs show,  so  far  from  proving  the  theory  by  "millions  to  one,** 
would  rather  throw  doubt  on  the  accuracy  with  which  the  inves- 
tigation had  been  conducted. 

The  existence  of  the  bright  lines  remains  yet  to  be  proved ;  they 
may  be  in  the  spectrum,  or  they  may  not ;  and  till  this  matter  is 
decided  it  is  useless  to  compare  this  or  that  spectrum,  not  with 
bright  lines,  but  with  "eligible  sites"  for  them,  if  only  they  would 
consent  to  reveal  themselves.  The  first  point,  therefore,  is  to  exa-* 
mine  the  spectrum  with  the  greatest  possible  dispersion,  care  being 
taken  to  employ  long  collimators  and  the  "irreducible  minimum"  of 
slit  opening,  so  that  the  spectrum  may  not  only  be  extended,  but 
pure.  The  dark  lines  will  then  occupy  only  a  fraction  of  its  length, 
and  the  intervening  spaces  can  be  carefully  studied  for  local  and 
minute  differences  of  brilliance.  Photographs  should  also  be  taken 
with  a  wide  range  of  exposure,  particularly  with  small  exposures, 
by  which  the  differences  in  brightness  in  the  spaces  will  he  exag- 
gerated. When  in  these  or  in  other  ways  Dr.  Draper  has  suc- 
ceeded in  displaying  bright  lines  in  the  solar  spectrum,  a  compara- 
tively rough  approximation  to  a  series  of  coincidences  wiD  suffice 
to  trace  their  connection  with  oxygen,  nitrogen,  or  carbon  as  the 
case  may  be. 

There  is  no  reason  why  we  should  hesitate  to  accept  Dr.  Draper's 
theory,  if  once  the  supposed  bright  lines  could  be  indubitably  ex- 
hibited as  such.  We  can  hardly  believe  that  oxygen  does  not  exist 
in  the  sun;  and  we  have  the  case  of  the  D3  line  to  remind  us  that 
the  vapours  of  the  solar  atmosphere  do  not  invariably  show  their 
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presence  by  dark  lines.  It  could  only  be  canse  for  unmixed  satis- 
faction, if,  after  so  many  years  of  such  hard  and  carefvd  labour.  Dr. 
Draper  completed  his  work  by  proving  that  there  are  such  differ- 
ences of  brimance  in  th6  interlinear  spaces,  that  some  portions  of 
the  spectrum,  and  these  coincident  with  the  lines  of  oxygen,  could 
be  legitimately  considered  as  consisting  of  bright  lines. 

I  have  throughout  assumed  that  the  groundwoA  of  the  solar 
spectrum  is  continuous.  Some  speakers  at  the  Meeting  seemed  to 
question  this ;  but  the  reasons  for  believing  it  are  too  obvious  and 
too  well  known  to  justify  me  in  further  occupying  your  space,  on 
which  I  have  already  trespassed  too  far,  by  their  recapitulation. 

I  am.  Sir,  yours  very  truly, 

Blackheath,  S.E.,  1879,  June  14.  B.  W.  MaUITOEB. 

The  Radiant-point  of  Comet  /.,  1870. 

Sib,— 

My  attention  W&s  only  a  few  days  ago  turned  to  the  remarks 
of  Mr.  Denning  in  the  *  Observatory,'  Vol.  ii.  p.  165,  on  the  radi^it- 
point  of  Comet  I.  1870,  for  which  he,  in  accordance  with  the  Reports 
of  the  British  Association,  gave  the  position  0=431°,  ^=  +  53**- 
This  position  is  not  correct,  the  true  radiant  being  27^-9  +48°'4,  as 
I  showed  in  the  '  Astr.  Nachr. '  Vol.  Ixxxii.  No.  1963  (Nov.  1873). 
There  are  several  radiants  of  shooting-stars  near  this  place,  espe- 
cially one  by  Julius  Schmidt,  31°  +55°  (Aug.  3-12),  which  pro- 
bably is  identical  with  Mr.  Denning's  shower  from  32^  +53*** 

I  am  Sir,  yours  faithfully. 

The  Obflervatory,  Dunaink,  J,  L.  E.  DbeTEB. 

Co.  Dublin,  1879,  July  5. 

The  Variable  Star  R  Scuti. 

Sib,— 

Seeing,  in  the  *  Annnaire'  for  1879,  ^^^^  ^^^  minimum  of 
this  star  was  on  June  25th,  I  looked  at  it  on  that  night,  and  was 
considerably  surprised  to  see  that  it  was  about  5-6  mag.  of  Heis's 
scale,  and  plainly  visible  to  the  naked  eye,  in  spite  of  the  bright 
twilight  and  a  somewhat  hazy  sky.  This  observation  I  confirmed 
on  one  or  two  nights  following.  The  minimum  given  in  the 
'Annuaire'  is  7*3  mag.  It  is  noteworthy  that  the  magnitude  of 
this  star  at  minimum  seems  to  be  increasing.  Heis,  in  1868,  gave 
its  minimum  9  mag.  *  L'Annuaire '  for  the  present  year  gives  its 
minimum  7*3  mag. ;  and,  unless  it  occurred  before  June  25th,  its 
minimum  was  really  about  5^  mag.  In  Arago's  'Astronomy,'  I  see 
that  its  minimum  is  given  as  "  9  to  6  mag. " 

I  am,  yoxxTS  truly, 
Debenham,  Suffolk.  VaughaN  Cobntsh. 
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NOTES, 

iNSTBTTHEirTs  FOB  Teavbllbes*. — In  a  lecture  to  the  French 
Qeographical  Society,  M.  D'Abbadie  has  discussed  the  relative  merits 
of  the  sextant  and  theodolite  as  applied  to  the  determination  of 
geographical  positions  in  unexplored  countries.  He  can  speak  on 
tiiis  subject  from  much  practical  experience  derived  from  extensive 
travels  in  the  wild  districts  of  Ethiopia.  M.  D'Abbadie  insists 
strongly  on  the  disadvantages  of  the  sextant,  the  use  of  which  in 
expeditions  on  land  bv  the  English  he  regards  as  a  mistake,  though 
it  was  only  natural  for  them  to  take  with  them  an  instrument 
with  which  their  voyages  by  sea  had  rendered  them  familiar.  The 
circumstance  that  an  angle  of  more  than  140°  cannot  be  measured 
with  it,  makes  it  often  impossible  to  observe  the  meridian  altitude 
of  the  Sun  in  the  tropics,  whilst  observations  by  night  require 
artificial  light,  whicb  a  traveller  in  wild  regions  often  finds  it 
difficult  to  procure.  Purtber,  in  constructing  a  map,  azimuths  are 
required ;  and  these  are  so  difficult  to  obtain  with  a  sextant,  that 
they  are  rarely  taken,  especially  as  they  involve  troublesome  cal- 
culations. In  fact  M.  D'AbbEidie  considers  that  the  sextant  is 
only  useful  for  determining  the  latitudes  and  longitudes  of  isolated 
points ;  and  for  this  purpose  he  recommends  the  pocket  sextant,  3 
inches  in  diameter,  with  which  the  latitude  can  be  foimd  within 
1500  yards  by  a  single  altitude  and  the  time  within  2  seconds, 
whilst  distances  of  3  to  4  miles  may  be  determined  by  means  of 
a  short  base  50  to  100  yards  long.  In  M.  D'Abbadie's  opinion, 
however,  the  pocket  sextant  has,  even  in  this  use  of  the  instrument, 
no  real  advantage  over  the  theodolite,  except  in  requiring  less  pre- 
paration. It  is  accordingly  the  theodolite  which  he  recommends 
as  the  most  useful  instrument  for  travellers ;  and  he  describes  a 
pattern  which  he  has  found  very  serviceable.  In  this  instrument 
a  prism  is  placed  in  front  of  the  object-glass  (which  is  more  power- 
ful than  in  most  theodolites  of  its  size),  and  thus  the  telescope  is 
always  horizontal,  a  convenient  form  of  construction.  The  whole 
weighs  7f  lbs.,  without  its  case.  The  tripod  stand  is  formed  of 
three  rattan  canes,  which  are  screwed  on  to  a  wooden  triangle, 
the  whole  being  made  as  roughly  as  may  be,  so  as  not  to  excite  the 
curiosity  of  the  natives,  a  point  on  which  M.  D'Abbadie  lays  great 
stress  in  all  arrangements  for  exploring  expeditions.  In  de- 
termining azimuths  with  this  instrument,  M.  D'Abbadie  recom- 
mends the  well-known  method  of  equal  altitudes. 

PnoTOOBAPHs  OP  THE  Specteitm  IS  CoLOFES.— Capt.  Abncy  has 
succeeded  in  obtaining  pictures  of  the  solar  spectrum  in  its  natural 
colours,  both  on  silver  plates  and  on  compounds  of  silver  held  in 
situ  by  collodion.    The  photographs  are  produced  by  oxidation  of 

*  "  InBtruments  a  employer  en  voyage,"  par  M.  Antoiiio  D'Abbadie.  Btilletin 
de  la  Society  de  Geographic,  Paris. 
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silver  compounds  when  placed  in  the  spectrum,  the  colouring  mat- 
ter being  aue  apparently  to  a  mixture  of  two  different  sizes  of 
molecules  of  the  same  chemical  composition,  one  of  which  absorbs 
at  the  blue  end  and  the  other  at  the  red  end  of  the  spectrum;  and 
the  sizes  of  these  molecules  are  unalterable  whilst  exposed  to 
the  same  wave-lengths  as  those  by  which  they  were  produced. 
Capt.  Abney  believes  that  the  colours  may  be  preserved  unchanged 
when  exposed  to  ordinary  daylight.  He  has  thus  succeeded  in 
explaining  the  action  by  which  Becquerel  some  years  ago  obtained 
photographs  in  colours,  as  produced  by  oxidation  and  not  due  to 
interference.  Becquerel's  photographs  were  fugitive,  but  Capt. 
Abney  would  appear  to  have  succeeded  in  "  fixing  "  his.  An  ex- 
posure of  two  minutes  with  a  wide  slit  was  amply  sufficient  to 
produce  the  pictures  of  the  spectrum. 

The  Pulkowa  Obsebvations. — As  numerous  inquiries  have 
been  addressed  to  M.  Struve  relative  to  the  appearance  of  vol.  ix. 
of  the  *  Observations  de  Poulkova '  before  vol.  viii.,  he  wishes  us  to 
explain  how  this  has  occurred.  Vol.  viii.  is  designed  for  the  Cat- 
alogue to  be  deduced  from  the  Meridian  Observations  inserted  in 
vols.  vi.  and  vii.  The  reductions  for  this  Catalogue,  though  consi- 
derably advanced,  have  been  much  delayed  by  the  lamented  death 
of  Dr.  Von  Asten,  to  whom  the  work  had  been  intrusted,  so  that 
it  is  not  likely  that  the  volume  will  be  distributed  before  1881. 
In  a  similar  way  vol.  x.  of  the  *  Observations '  is  designed  to  contain 
the  continuation  of  the  micrometrical  measures  of  double  stars ; 
but  very  little  progress  has  as  yet  been  made  in  the  work,  so  that 
this  volume  will  not  be  published  for  a  couple  of  years ;  whilst  vol. 
xi.,  containing  the  continuation  of  the  meridian  work,  is  nearly 
ready  and  will,  M.  Struve  hopes,  be  distributed  very  shortly. 

Specteoscopio  Obseevations  op  the  Solae  Eclipse*. — ^Prof, 
G.  F.  Barker,  who  formed  one  of  Dr.  H.  Draper's  party  at  Eawlins, 
Wyoming,  has  published  the  results  of  his  observations  on  the 
spectrum  of  the  corona.  He  used  a  Merz  spectroscope  provided 
with  two  direct-vision  compound  prisms,  and  with  this  he  saw  a 
continuous  spectrum  with  Fraunhofer  lines,  but  no  bright  lin^ 
whatever,  though  he  looked  for  them  very  carefully. 

These  results  agree  with  those  given  by  Dr.  H.  Draper's  spec- 
troscope. With  regard  to  the  Fraunhofer  lines,  Prof.  Barker  re- 
marked that  they  corresponded  in  length  to  the  image  of  the  corona 
on  the  slit,  being  strong  and  sharp  at  the  base  of  the  corona  and  fading 
gradually  out  in  the  upper  part.  Prof.  Barker  concludes  that  the 
absence  of  bright  lines  proves  the  absence  of  any  considerable  mass 
of  incandescent  gas,  whilst  the  presence  of  Fraunhofer  lines  shows 
the  presence  of  reflected  sunlight,  and  goes  to  establish  the  theory 
that  meteoric  matter  raining  down  on  the  solar  surface  is  the 
essential  cause  of  the  coronal  phenomena.  The  brightness  of  the 
*  Amer.  Journ.  1879,  Feb.  and  April. 
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oontinuous  spectrum  as  compared  with  the  intensity  of  the  Fraun- 
hofer  lines  indicates  that  part  of  the  light  is  due  to  the  incandescence 
of  these  meteoric  masses.  These  results  agree  with  those  deduced 
by  other  observers  of  this  eclipse. 

Mr.  W.  H.  Pulsifer,  who  used  in  the  eclipse  a  ten-prism 
Browning  spectroscope  mounted  on  a  four-inch  refractor,  observed 
the  reversal  of  the  Fraunhofer  lines  at  commencement  of  totality 
with  a  tangential  slit,  and  has  thence  deduced  the  thickness  of 
Young's  reversing  layer,  which  he  finds  to  be  524  miles.  The 
reversed  or  bright  lines  extended  over  one  third  of  the  breadth  of 
the  spectrum  ;  and  the  length  of  the  tangential  slit  being  o'o8  in., 
whilst  the  diameter  of  the  Sun's  image  was  0*54  in.,  it  was  easy 
to  find  the  thickness  of  the  stratum. 


Obsebyatobt  on  Mt.  Etna*. — Prof.  Tacohini  proposes  to  com- 
mence this  year  the  new  physical  observatory  on  the  site  of  the 
"  Casa  Inglese,"  at  a  height  of  9600  feet  above  the  sea.  It  will 
have  an  equatoreal  of  35  centimetres  (14  inches)  aperture,  and  the 
building  -wXL  be  constructed  chiefly  of  lava,  with  a  conical  rotary 
roof  of  iron  for  the  equatoreal.  Prof.  Langley  has  been  for  some 
time  at  a  station  on  Etna  4500  feet  above  the  sea,  engaged  in  ob- 
taining quantitative  data  as  to  the  degree  in  which  the  conditions 
of  vision  are  improved  at  elevated  stations  ;  and  his  conclusion  is 
that  while,  as  regards  observations  of  precision,  and  even  work  on 
double  stars,  the  gain  is  less  than  might  have  been  expected,  too 
much  can  hardly  be  said  of  the  immense  advantage  of  an  elevated 
station  for  almost  every  kind  of  research  connected  with  solar 
physics.  This  is  especially  the  case  as  regards  the  chromosphere  and 
the  corona.  Our  only  hope  of  materially  extending  our  knowledge 
of  the  latter  appears  to  be  in  the  prospect  that  we  may  yet  be  able 
to  see  it  without  an  eclipse,  if  the  observer  be  in  an  exceptionally 
transparent  atmosphere. 

The  Zodiaoax  LiOHTt. — In  sending  to  Prof.  Tacchini  a  beautiful 
drawing  of  the  zodiacal  light  as  seen  at  Groningen  on  1875,  Feb.  22, 
by  Prof.  Groneman,  P.  Serpieri  calls  attention  to  the  central  light 
forming  an  interned  cone  with  well-marked  and  distinct  outline 
on  the  fainter  background  of  diffused  light.  The  same  phenomenon 
was  seen  by  Prof.  Tacchini  at  Muddapur  (Bengal)  in  1874  on  the 
morning  of  Dec.  15  and  in  the  evening  of  Dec.  29.  On  the  latter 
occasion  the  zodiacal  light  was  very  brilliant  and  reached  almost 
to  the  zenith.  P.  Serpieri  remarks  that  the  zodiacal  light  was 
generally  faint  in  the  second  half  of  1878,  though  it  had  been  most 
splendid  in  February,  and  particularly  on  the  20th  of  that  month, 
when  it  was  more  brilliant  than  the  Milky  Way.  In  the  preceding 
year,  1877,  a  strange  difference  was  recorded  in  its  appearance  at 

*  Amcr.  Journ.  1879,  March. 

t  Mem.  SpcttroBO.  Ital.  1879,  March. 


Digitized  by 


Google 


124  Notes.  [No.  28. 

Milan  and  at  IJrbino.  At  the  former  place,  Prof/  Sehiaparelli 
noted  it  as  "  superb  with  a  Gegenschein"  on  the  morning  of  August 
1 5,  whilst  at  Urbino  P.  Serpieri  registered  it  at  the  same  instant 
as  "  faint  and  diffused." 


Double  Stabs*. — ^Mr.  Alvan  G.  Clark  discovered  at  various 
times,  with  one  or  other  of  the  large  object-glasses  made  by  him, 
some  interesting  and  difficult  double  stars,  which  have  not  hitherto 
been  published.  There  are  14  of  these  objects,  including  the  com- 
panion to  Sirius,  for  the  discovery  of  which  Mr,  Alvan  Clark 
received  the  Labinde  prize ;  and  Mr.  Burnham  has  now  collected  the 
measures  of  these  stars,  made  chiefly  by  the  Washington  observers, 
by  Baron  Dembowski,  and  by  himself.  One  or  two  of  them  abready 
appear  to  be  binaries,  even  from  the  observations  of  three  or  four 
years.  

Swift's  Comet. — ^The  following  elements  of  this  Comet  have 
been  computed  by  Dr.  Kiistner  under  Prof.  Winnecke's  superin- 
tendence, and  appear  to  represent  the  observations  closely : — 
Per.  Pass.  1879,  April  27-336,  Berlin  M.  T. 
Long.  Per.     48°  38'  42"'4.     Inclination  107 V7"'5. 
Long.  Node,  45°  ^Z'  Z^"'^-    I^g-  Per.  Dist.  9*948935. 
Mean  Equinox,  1879*0.  ~ 
Mr.  S.  C.  Chandler,  Jun.,  has  also  computed  a  set  of  elements 
agreeing  closely  with  the  above  (*  Science  Observer,'  1879,  ^^j)* 
It  wul  be  seen  that  the  comet  has  long  passed  its  perihelion,  and 
it  is  now  receding  both  from  the  Earth  ana  Sun,  so  that  its  bright- 
ness has  considerably  diminished.   It  may,  however,  still  be  observed 
without  difficulty,  and  may  be  picked  up  by  help  of  the  following 
rough  ephemeris,  which  has  been  formed  by  Major  Tupman  by 
continuing  approximately  Dr.  Kiistner  s  ephemeris : — 

Ephemeris  for  12**  G-.  M.  T. 

1879         B.A.             Dec.            1879            B.A.  Dec. 

h    m                ^     ,                           h    in  ^    , 

Aug.  2,  1515-6     +7057      Aug.  10, 1521-9  -1-63  I 

4,         17-1          6857                  12,         231  612 

6,        i8-6         6658               14,        24-6  593 

8,       20-1         65    o               16,       25-1  574 

This  comet  is  remarkable  as  having  passed,  on  July  15,  almost 

exactly  through  the  pole  of  the  heavens. 

We  learn  that  the  large  telescopic  mirror  of  i'2o  metro  diameter 
has  been  received  in  the  Paris  Observatory,  and  will  be  mounted, 
although  its  outer  rim,  to  a  depth  of  9  centimetres,  is  faulty.  As 
the  slope  of  that  rim  is  outwards,  the  defect  could  not  be  remedied 
without  polishing  the  whole  surface ;  and  it  was  thought  preferable 
to  use  the  mirror  with  its  good  diameter  of  one  metre. 
*   Amer.  Journ,  1879,  April. 
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We  learn  fr<Hn  the  '  Madras  Times '  for  1879,  March  22,  that 
Mr.  Fogson  at  Madras  kept  a  close  watch  on  the  Sun  for  the 
transit  of  Vulcan,  predicted  bj  M.  Oppolzer,  from  soon  after  day- 
brei^  on  Mardi  19  (civil  reckoning)  to  5.30  p.m.  Madras  time,  but 
without  seeing  a  vestige  of  any  pltmet. 

Mb.  Geobge  Hxtbtt  points  out,  with  reference  to  Mr.  Gledhill's 
note  on  the  companions  to  Procyon  ('  Observatory,'  No.  23,  Vol.  ii. 
p.  382),  that  the  star  discovered  to  be  double  by  Bird  in  1864  was 
not  Or  but  F. 

He  also  suggests  that  a  Dawes  eyepiece  should  be  used  in  ob- 
serving occultations,  to  diminish  the  glare  of  the  Moon. 

Three  Minor  Planets,  Nos.  1 99, 200,  and  20 1 ,  have  been  discovered 
by  Prof.  Peters  at  Clinton,  New  York — on  July  10,  on  July  17,  and 
on  July  28  respectively.  !Eh)iTOii. 


Astronomical  Memoranda,  1879,  September. 
Sun,  Sept.  I,  sets  6**  46"^,  rises  1 7**  15™ ;  Sept.  30,  sets  5**  40",  rises 

l8»»  2». 

Equation  of  time: — Sun  before  clock,  Sept.  1,0"  2*;  Sept.  11, 
3"  22*;  Sept  21,  6"  52*;  Oct.  i,  10°  j6\ 

l^dereal  Time  at  Mean  Noon : — Sept.  i,  10**  4i"*i ;  Sept.  1 1, 1 1** 
2o"'-5  ;  Sept.  21,  12*»  o"-o ;  Oct.  i,  i2*»  39"*-4. 

Moon.  Last  Quarter,  Sept.  8,  8*»  4";  New,  Sept.  15,  17**  57"; 
First  Quarter,  Sept.  22,  9**  19";  Full,  Sept.  29,  21^  17". 

Occultations  : — Sept.  i,  i2*»  44™  15  Piscium  Oc.  E.  325°;  Sept. 
2,  i6*»  37"  45  Piscium  Oc  E.  289° ;  Sept.  5, 13**  8'"  fi  Arietis  Oc.  E. 
341'';  Sept.  6,  ii*»  20"  66  Arietis  Oc.  E.  268°,  i6»»  9-  9  Tauri  Oc 
E.  332° ;  Sept.  12,  16**  19"  o  Cancri  Oc.  E.  225°;  Sept.  20,  7**  20™ 
A»  Scorpii  Oc  D.  86^;  Sept.  25,  ii'»35"  B.A.C.  7263  Oc  D. 
155°;  Sept.  26,  10**  4o"XGapric  Oc.  D.  117°.  The  angles  at 
disappearance  (D.)  and  reappearance  (E.)  are  reckoned  from  the 
apparent  N.  point  towards  the  right  hand  round  the  Moon's 
circumference  as  seen  in  an  inverting  telescope. 

Mercury  is  a  morning  star,  at  greatest  elongation  W.  (17°  57') 
on  Sept.  9,  when  he  rises  in  the  KNJE.  i*»  43°  before  the  Sun. 

Venus  is  an  evening  star,  setting  soon  after  the  Sun,  till  Sept. 
23,  when  she  is  in  inferior  conjunction. 

Mars  is  in  Taurus.  His  diameter  is  i^"'6  on  Sept.  i  and  i9"*5 
on  Sept.  30. 

Sept.  I,  E.A.  3*»  i6"-5,  Dec.  15°  41'  N.,  tr.  16**  34",  rises  9*^  10". 
8ep<J.  30*         3  46  ;8,  18  3    N.,        15     9  7    27 

Jupiter  is  an  evening  star  retrograding  through  Aquarius.     His 
diameter  is  46^*4  on  Sept.  i,  and  45"'o  on  Sept.  30. 
Sept  I,  E.A.  22»»  39'»-3,  Dec.  10°  1'  S.,  tr.  ii»»  56",  sete  17^  8". 
Sept.  30,  22    26  '4,  II  16  S.,         9  49  .         14  54 

Juptter^s  Satellites i—Se^t,  4,  1$^  7"  i.  Oc  D.;  Sept.  5,  6^  55" 


Digitized  by 


Google 


126  Eclipse  of  the  Sun.  [No.  28, 

iv.  Ec.  E.,  i2>»  i9»  i.  Tr.  I.,  13^  36"^  ii.  Tr.  L,  i4>»  38™  i.  Tr.  E. ; 
Sept.  6,  g^  34°»  i.  Oc.  D.,  i2»»  o»  i.  Ec. E. ;  Sept.  7, 8»»  2»  ii.  Oc.  D. ; 
9^  4"  i.  Tr.  E.,  ii»»  6»  iii.  Tr.  I.,  ii»»  13"  li.  Ec.  £.,  i4>»  36»  iii. 
Tr.  E. ;  Sept.  12,  i4»»3»  i.  Tr.  I. ;  Sept.  13,  io»»  i8~  iv.  Tr.  L, 
II**  18™  i.  Oc.  D.,  i3»»  56"  i.  Ec.  E.,  14^  28"  iv.  Tr.  E.;  Sept.  14, 
S^  29"  i.  Tr.  I.,  io»»  15"  ii.  Oc.  D.,  io>»  47'"  i.  Tr.  E.,  i^^  48"  ii. 
Ec.  E.,  i4»»  22-  iu.  Tr.  I.;  Sept.  15,  8»»  24™  i.  Ec.  E.;  Sept.  16, 
7**  53"  ii.Tr.  E. ;  Sept.  18,  g^  14"  iii.  Ec.  E. ;  Sept.  20,  13^  3"  i. 
Oc.  D. ;  Sept.  21,  io*»  13"  i.  Tr!  I.,  i2*»  30"  ii.  Oc.  D.,  i2*»32"  i. 
Tr.  E. ;  Sept.  22,  7**  29"*  i.  Oc.  D.,  io*»  20"  i.  Ec.  E.;  Sept.  23, 
6^  SS'-i.  Tr.  E.,  j^  19"  ii.  Tr.  L,  lo**  ii«ii.  Tr.  E.;  Sept.  25, 
7^  15"^  iii.  Oc.  D.,  i3»»  15™  iii.  Ec.  R. ;  Sept.  28,  u^  57"  i.  Tr.  L ; 
Sept.  29,  9»»  15"  i.  Oc.  D.,  I2*»  15"  i.  Eo.  E. ;  Sept.  30,  7*^  40"  iv. 
Sh.  I.,  8»»  44~  i.  Tr.  E.,  9*^  39"*  ii.  Tr.  I.,  i2»»  I'-iv.  Sh.  E.,  i2>»  31" 
ii.  Tr.  E. 

Saturn  is  in  Pisces,  retrograding  slightly. 

Sept.  I,  EA.  0^  58"-5,  Dec.  3°  21'  K,  tr.  i4»»  15"  rises  7**  55". 

Sept.  30,         o   51  -2,  231  N.,      12    14  5    57 

Outer  Bing.  Inner  Ring.  Ball. 

Mig.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Diiim. 

Aug.  28...  43"-39         7"-53         28"-86         5"-oi       i7"-4 
Sept.  17...  44"*24         7"'24         29"-42         4"-8i       i7"*8 
The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  10^  o'  S.  and  9°  25'  S.  on  Aug.  28  and 
Sept.  17  respectively,  and  of  the  Sun  8°  29'  8.  and  8°  47'  S. 

Editob. 

— ___— — ^ — ■ - 

P08T8CEIPT. 

Eclipse  of  the  Sun,  1879,  July  18. 

We  have  received  the  following  from  Senor  Arcimis : — 

Sir,— 

I  observed  this  morning  the  partial  eclipse  of  the  Sun 
announced  in  the  Nautical  Almanac. 

I  made  use  of  my  reflecting  equatoreal  telescope  of  8^  indies, 
but  I  reduced  its  aperture,  by  means  of  the  stops,  to  7  inches ;  the 
eyepiece  was  a  prismatic  one  by  Browning. 

The  sky  was  clear,  and  the  first  contact  took  place  at  18**  18"* 
i5'-5  Cadiz  mean  time ;  the  images  were  very  steady. 

The  last  contact  took  place  at  19*"  57"  48"-2. 

The  error  of  the  chronometer  was  accurately  known,  and  the 
above  times  are  very  exact. 

The  Nautical  Almanac  of  San  Fernando  gives  for  the  first  con- 
tact 18**  16"  5i'-7,and  for  the  last  19**  59"  22"*8. 

In  making  due  allowance  for  the  difference  of  longitude  between 
San  Fernando  and  my  observatory,  which  is  2 1*'6,  there  still  re- 
mains a  considerable  difference  between  the  computed  and  the  ob- 
served time,  that  is  not  to  be  attributed  solely  to  parallax. 

Notwithstanding  the  slight  value  of  this  observation,  I  send  it 
to  you  exclusively  for  the  purpose  of  establishing  the  fact. 

I  am.  Sir,  yours  very  faithfully, 
Cadiz,  1879,  July  19.  AuousTo  T.  Abcimts. 
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THE    OBSERVATORY, 

A   MONTHLY    REVIEW    OF  ASTRONOMY. 

No.  29.  SEPTEMBER  1.  1879. 

FirebaU  JEpochs. 

The  tabolation  of  many  of  the  recorded  instances  of  fireballs  and 
large  meteors  proves  that  certain  dates  of  the  jear  give  an  unusual 
abundance  of  such  phenomena.  Arranging  them  into  a  list  of  dates 
in  which  is  exhibit^  the  number  seen  on  every  night  of  the  year, 
I  have  endeavoured  to  find  the  most  remarkable  fireball  epochs ;  and 
it  is  evident  that  such  an  investigation  is  now  quite  feasible, 
considering  the  vast  number  of  observations  that  have  accumulated 
in  recent  years.  Mr.  K.  P.  Greg  has  already  discussed  many  such 
records,  and  classified  them  according  to  character  and  date.  In 
the  British  Association  Beport  for  i860  he  gives  an  extensive 
catalogue  of  aerolites  and  bolides  (a.d.  2  to  a.d.  i860),  and  in  the 
same  Eeport,  and  that  for  1867,  he  adds  supplementary  catalogues. 
On  page  1 14  of  the  former  voliune,  a  list  is  given  of  the  number 
observed  on  each  day  of  the  month  during  the  period  from  1492 
to  i860.  Including  these  exhaustive  compilations  with  the  large 
additions  recently  made  to  this  department,  so  far  as  I  have  been 
able  to  collect  them,  it  is  found  that  the  number  of  such  records 
amounts  to  more  than  3600,  distributed  over  the  year  as  foUows : — 


January    ....  239 

February 174 

March 186 

April    234 


May 163 

June 172 

July 287 

August 775 


September    . .   273 

October    292 

November    . .  551 
December 289 


These  numbers  are  derived  both  from  systematic  observation  by 
scientific  observers  and  from  numerous  isolated  notices,  and  refer 
to  meteors  equal  to  or  exceeding  the  lustre  of  Jupiter.  The  recent 
observations  are  mostly  of  the  former  class  ;  and  being  made  chiefly 
during  the  periodical  shower  dates,  the  effect  has  been  to  greatly 
increase  the  number  of  large  meteors  seen  at  these  special  epochs. 
The  older  records  consist  ahnost  wholly  of  irregular  (or  accidental) 
observations,  and  have  the  effect  of  scattering  the  figures  more 
evenly  over  the  year.     The  excessive  figures  for  August  and 
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November,  as  shown  in  the  above  list,  are  due  in  a  great  measure 
to  the  Perseids  (Aug.  7-12)  and  Leonids  (Nov.  11-15),  which  have 
supplied  many  fine  meteors  at  their  annual  returns.  During  the 
first  half  of  the  year  the  aggregate  of  such  observations  is  far  less 
than  during  the  last  halL  The  minimum  is  from  January  16  to 
July  19.  The  other  six  months  include  the  maximum,  which  has 
fully  two-thirds  of  the  total  number  of  the  observations.  Of  short 
periods,  the  ones  of  greatest  scarcity  are  from  May  5  to  30,  and 
from  March  1 1  to  April  9,  and  the  times  of  greatest  abundance 
are  from  July  15  to  August  16,  and  from  November  i  to  17. 
The  fact  that  more  fireballs  have  been  recorded  (in  the  proportion 
of  2  to  I )  during  the  last  half  of  the  year  is  partly  explained  by  the 
observers  having  paid  more  attention  to  this  period  thjan  to  the  first 
half  of  the  year,  which  has  been  much  neglected. 

In  drawing  out  the  list,  special  care  was  taken  to  avoid  repetition, 
for  in  many  instances  the  same  fireballs  are  to  be  found  registered 
in  several  different  catalogues. 

The  principal  dates  of  the  year  when  large  meteors  have  been 
observed  in  the  greatest  abundance  are  as  below : — 


January  2,  21,  31. 
February  3,  j^,  10. 
March  i,  2,  4. 
April  11-12,  19-20. 
May  2,  4,  IS,  31. 
June  6-7,  12,  29-30. 


July  II,  20-21,  25-30. 
August  3,  5,  7-i3>  i5>  i9-«2« 
September  1-2,  6-7,  11-13,  *5- 
October  13,  15,  17-18,  22,  24,  29. 
November  1-2,  4,  6-9,  11-15,  ^9»  27. 
December  8-9,  11-12,  21. 


The  most  remarkable  of  these  epochs  are  underlined.  A  similar 
list  to  this,  based  on  all  the  observations  collected  by  Mr.  Greg  up 
to  1863,  was  printed  in  the  British  Association  Eeport  for  that 
year  as  follows : — Jan.  28,  Feb.  10,  April  10,  July  18,  20,  29,  An^. 
4,  12,  October  13,  18,  24,  Nov.  13,  15,  21,  and  December  11  ami 
21,  which  confirms  the  dates  now  ascertained  as  above  in  the  meet 
satisfactory  manner.  Prof.  Herschel  had  as  early  as  1866  pointed 
out  the  "epochs  of  the  9th- nth  of  February  and  i9th-2ist  of 
November  as  dates  deserving  special  attention,  with  a  view  of 
determining  the  directions  of  detonating  meteors,  which,  by  their 
frequent  return  within  very  narrow  limits  of  time  about  those 
dates,  show  that  aerolitic  meteors,  like  the  star-showers  of  Aug, 
and  Nov.,  revolve  in  fixed  orbits  round  the  Sun  "  *. 

I  have  endeavoured  in  several  cases  to  obtain  the  chief  radiant- 
points  for  some  of  these  periods,  but  the  observations  are  not 
sufficiently  exact  and  plentiful  to  enable  this  end  to  be  effectively 
attained.  The  path-directions  have  not  been  definitely  pecordeo, 
except  amongst  the  recent  observations  ;  and  it  is  utterly  impossiUe 
to  get  any  thing  like  accurate  radiants  from  the  descriptioiis 
generally  given,  as  from  8.W.  to  E.  or  N.E.  to  W.     Shower- 

*  Monthly  Notices  B.  A.  S.  Vol.  xxvi.  p.  212.  "  Path  of  a  Detonatfaig 
Meteor,"  b>'  A.  S.  Herschel,  Esq. 
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oentres  determined  from  such  materials  are  always  open  to  eon- 
sidenible  error ;  and  even  in  cases  where  the  directions  and  positions 
of  firebaUs  are  clearly  stated,  some  doubt  must  naturally  be  attached 
to  the  radiants  deduced  from  the  intersection  of  the  tracks,  which 
may  result  from  pure  accident^  in  cases  where  we  have  very  few 
sudi  observations  to  rely  upon,  ^art  from  this,  the  large  number 
of  meteor-systems  visible  every  night,  each  possibly  giving 
occasional  fireballs,  is  the  source  of  another  difficulty.  In  fact, 
though  many  fine  meteors  coincide  as  to  date,  they  show  con- 
siderable differences  in  their  directions  and  appearances.  Doubly 
observed  bright  meteors,  of  which  the  number  is  rapidly  increasing, 
are,  however,  of  extreme  value,  as  giving  radiants  generally  withm 
a  few  degrees  of  the  truth ;  and  it  is  to  be  hoped  that  observers  will 
continue  to  give  their  attention  to  this  special  work.  During  the 
last  ten  nights  of  July,  and  during  the  first  halves  of  Aug.,  Sept., 
Nov.,  and  Dec.,  large  meteors  are  abundant,  and  should  always 
be  looked  for,  with  a  view  of  obtaining  duplicate  observations. 

A  brief  monthly  summarv  of  results,  derived  from  the  tabu- 
lation of  the  lai^e  meteors  tuready  recorded,  may  here  have  some 
features  of  interest 

The  special  shower  in  Quadrans,  with  a  maximum  activity  on 
January  2,  has  supplied  most  of  the  fireballs  visible  at  that  epoch. 

In  February  there  are  three  dates  during  the  first  half  of  the 
month  on  which  they  should  be  looked  for.  The  chief  radiants 
have  not  been  determmed.  The  loth  was  pointed  out  by  Mr.  Greg 
as  a  notable  date,  and  is  fully  confirmed  by  more  recent  observations. 
The  great  meteor  of  February  13,  187 1,  had  a  radiant  near  a 
Hydwe. 

During  the  first  four  days  of  March,  fireballs  have  been  very 
numerous,  especially  on  the  ist,  2nd,  and  4th ;  and  the  latter  date  is 
remarkable,  from  the  fact  that  they  were  nearly  all  recorded  in 
very  recent  years,  and  that  no  indication  of  its  intensity  is  found 
by  the  earlier  records.  A  good  radiant-point  cannot  be  derived 
from  the  projection  of  the  apparent  paths  of  the  bright  meteors 
which  have  been  carefully  observed  at  this  epoch,  for  a  singular 
variety  is  shown  in  their  direction,  and  this  proves  them  to  have 
belonged  to  many  different  showers. 

April  gives  a  remarkable  period  on  nth- 12th.  The  number 
recorded  on  each  of  these  nights,  as  compared  with  those  of  ordinary 
nights  of  the  month,  is  in  the  proportion  of  7  to  2  ;  for  the  average 
number  in  the  table  is  5  per  night,  whereas  the  figures  for  the 
nth  and  12th  are  17  and  18  respectively.  The  two  preceding 
nights  had  also  been  suspected  to  give  large  meteors ;  for  Von 
Niessl  determined  a  radiant  of  two  fireballs  at  ?  Cassiopeicc  (April 
10,  1874,  and  April  9, 1876).  With  the  object  of  finding  the  major 
showers  for  this  special  period  of  April  9-12  (though  the  former 
might  appear  to  be  one  of  decided  scarcity  as  compared  with  the 
nth- 1 2th),  I  recently  projected  the  registered  tracks  of  more  than 
700  shooting-stars  in  the  catalogues  of  Italian  observers  ;  and  the 
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chief  positions  deduced  were  at  249°  4-51%  212°  +65°,  and  184° 
+  59°»  from  about  45  meteors  each  *.  The  paths  of  the  brilhant 
meteors  recorded  at  this  epoch  indicate  several  distinct  radiants, 
two  of  them  in  the  Lynx  at  106°  4-46°  and  121**  +4i%  and 
several  others  in  the  fore  part  of  Ursa  Major.  There  is  another 
well-defined  period  on  the  i9th-2oth,  when  many  bright  Lyrids  have 
been  recorded  during  the  numerous  watches  which  are  annually 
made  for  their  appearance.  The  last  two  nights  of  this  month  are 
also  rather  favourable ;  and  it  should  be  remembered  that  Heis,  on 
April  29,  1847,  and  April  27,  1848,  foimd  meteors  exceptionally 
abundant. 

Idiiy  apparently  ^ves  a  smaller  number  of  fireballs  than  any 
other  month.  There  are,  however,  four  dates  worthy  of  note,  the 
first  of  which,  the  2nd,  coincides  with  that  of  a  shower  of  brilliant 
meteors  observed  by  Major  Tupman  in  1870.  On  May  2,  1848, 
Heis  observed  many  falling  stars  with  bright  streaks. 

In  June,  the  6th-7th,  12th,  and  29th-3oth  are  the  most  conspicu- 
ous dates.  A  radiant  near  Antares  is  indicated  for  the  former  period 
at  247°  —25°;  and  the  fireballs  of  June  17,  1873,  and  July  25, 
1876,  had  radiants  at  248°  —20°  and  258° — 24°,  supporting  this 
position  and  indicating  a  long-continued  shower  near  the  bright 
star  referred  to. 

Jiily  appears  to  be  a  very  favourable  month  for  such  observations, 
especially  during  the  last  7  nights.  The  very  decided  frequency 
of  fireballs  at  this  period,  as  shown  by  existing  records,  arises 
partly  from  the  fact  that  a  large  number  of  watches  have  been  sus- 
tained just  at  this  period,  when  the  weather  is  often  clear  and  ob- 
servers are  attracted  to  the  work  by  the  closely  ensuing  return  of 
the  Perseids,  Apart  from  this,  however,  there  is  no  doubt  that 
this  epoch  is  exceptionally  one  of  large  meteors  ;  and  they  are  not 
early  Perseids^  as  may  be  inferred,  for  that  prominent  shower  cer- 
tainly does  not  come  into  active  play  imtil  August  5  or  6,  and  very 
few  of  its  members  are  seen  in  July.  They  belong  to  a  variety  of 
different  radiants,  of  which  the  chief  is  in  Aquila  at  303°  + 12**. 
This  is  the  same  as  Mr.  Greg's  Aquilids^  at  3oi*'*5  +8**-5,  and 
No.  79  of  his  1876  catalogue.  Other  radiants  are  fairly  well  though 
less  actively  defined  at  324°  —12°,  338°- 11°,  8°  -1-34°,  35°  +52% 
and  322°  + 1 1°.  The  three  former  were  well  seen  by  Major  Tup- 
man  in  1870,  July  27-28,  and  severally  confirmed  by  the  writer  at 
the  end  of  that  month  in  1878.  The  shower  near  x  Persei  (35° 
+  52°)  was  also  seen  on  the  latter  occasion  as  a  very  conspicuous 
display  of  swift  streak-leaving  meteors,  with  max.  on  July  30- Aug. 
1 1.  An  early  display  of  this  shower  may  have  been  observed  by 
Heist)n  July  27-28, 1848,  for  he  records  that  on  that  night  there  was 
a  remarkably  great  number  of  falling  stars,  the  most  with  streaks. 
Heis  also  records,  on  July  29,  1854,  that  there  were  many  meteors, 
and  in  1856-7  they  were  also  numerous  on  July  27-30. 

*  Month.  Not.  B^a,  May  1879,  p.  402.   "  The  Hadiant-pointe  of  April  9-12." 
t  *  Obseryatory/  Sept.  1878,  pp.  163-165.    "  Metrop  Notes." 
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During  the  first  half  of  August  (max.  loth)  a  vasfc  number  of 
observations  have  been  made,  and  many  large  Perseids  seen  between 
the  7  th- 1 2  th.  On  the  3rd  and  5th  an  unusual  proportion  of  fireballs 
have  made  their  appearance.  The  shower  of  Perseids  apparently 
subsides  into  inactivity  on  the  4th ;  but  on  the  ensuing  night  there 
is  a  revival,  and  on  the  i9th-2  2nd  another  period  of  frequency,  but 
this  is  too  late  for  the  Perseids,  The  paths  of  such  fireballs  as 
have  been  accurately  placed  on  record  give  a  double  shower  in 
Cepheus  to  Draco,  from  the  points  339°  4-66°,  299°  +66° ;  and  the 
positions  may  really  represent  one  shower  only  (its  diffusion 
being  caused  by  errors  of  observation),  with  a  centre  at  about 
319°  +67®.  Corder  saw  11  meteors  from  a  point  at  307°  +65° 
on  August  17,  1877. 

September  1-2  is  a  very  well-defined  epoch  of  fireballs.  The 
major  shower  is  at  306°  4-  54°  *,  and  close  to  the  radiant  of  the 
large  meteor  of  Sept.  3,  1875,  at  311°  4-52®.  The  6th-7th  is  also 
equally  decided;  and  from  those  dates  until  the  13th  the  number 
of  such  observations  is  excessive.  The  chief  radiants  appear  to  be 
at  SS^""  +31°  and  63°  4-35°.  The  former  is  Heis's  /x  2  at  328° 
4-  35°,  Sept.  The  latter  was  seen  and  described  by  the  writer  as  a 
ridb  shower  on  Sept.  7-16,  1877,  at  61°  4-36°  (15  meteors).  Two 
large  fireballs  seen  in  September  1875  gave  radiants  at  344°  4-14° 
(7tib)  and  348°  +0°  (14th).  On  the  25th  there  is  another  period 
of  frequency,  and  the  projected  tracks  give  two  radiants  at  351° 
4-  44**  and  335°  4-  37°»  the  latter  being  clearly  a  continuation  of  that 
at  332°  4-31°  for  the  6th-i3th.  The  great  meteor  of  Sept.  24, 
1876,  had  a  radiant  at  285°  4-35°,  and  Heis  observed  a  stationary 
fireball  at  292°  4-68°  (d  Draconis)  in  1851,  Sept.  26. 

October  gives  several  dates  of  more  than  ordinary  interest.  On 
the  15th,  I7th-i8th,  and  22nd  the  Orionids  have  probably  supplied 
the  majority  of  the  large  meteors  that  have  been  visible ;  but  this 
shower  is  by  no  means  remarkable  for  the  brilliancy  of  its  mem- 
bers. 

November  is  a  month  of  speciiJ  importance  to  the  observer  of 
fireballs.  On  the  first  two  nights  many  have  been  seen,  and  again  on 
the  4th,  6th-9th,  i  ith-i5th  (Leonids),  19th  and  27th  (Andromedes). 
The  former  period  gives  indication  of  a  periodical  shower  of  un- 
usual intensity.  Heis  saw  many  meteors  on  Nov.  2,3,  and  5,  1844, 
and  Nov.  i,  1847.  On  Nov.  i,  1849,  there  was  a  fine  display  of 
shooting-stars  (Silliman's  '  Journal').  On  Nov.  2,  1859,  between 
7  and  8  p.m.  there  were  many  large  meteors,  chiefly  in  N.E.  (B.  A. 
Seport,  i860,  p.  5^.  On  Nov.  3,  1872,  a  shower  of  exceedingly 
brilliant  meteors  were  observed  falling  (B.  A.  Eeport,  1873, 
p.  352)  t.    I  have  carefuDy  compared  the  directions  of  the  large 

♦  See  *  Obaervatory,'  Dec  1878,  p.  271. 

t  On  Nov.  I,  1870,  Mr.  Wood  saw  several  meteors,  one  of  them  as  bright  as 
SiriuB,  from  Mr.  Greg^s  radiant  B^  in  Musca,  and  on  Not.  3,  1872,  some  bright 
meteors  were  obserred  haying  a  radiant  near  0  Persei  (45®  4-35°).  These 
obeenratioDS  all  refer,  no  doa^,  to  one  and  the  same  shower  in  Musca. 
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meteors  recorded  on  the  i8t-4th,  and  find  a  very  sharply  defined 
and  certain  shower  of  Arigtids  from  a  point  at  43°  +22°.  This 
stream  appears  to  be  as  rich  as  that  of  the  Taurids  I.,  and  gives 
meteors  of  remarkable  splendour.  It  was  detected  by  the  writer 
on  the  nights  of  Oct.  29-Nov.  13,  1877,  when  31  of  its  meteors 
were  seen,  and  the  max.  determined  for  Oct.  31 -Nov.  i.  At 
about  this  epoch,  and  again  during  the  6th-9th,  the  Taurids  I.  form 
a  notable  shower.  A  large  fireball  seen  on  Nov.  8,  1876,  in  the 
evening  twilight,  had  a  radiant  at  53°  4-  20°  (near  1/  Tauri)  ;  and 
on  the  very  same  night  the  writer  at  Bristol  recorded  8  shooting- 
stars,  including  several  brilliant  ones,  from  a  radiant  at  58°  +16°. 
Mr.  Backhouse  at  Sunderland  saw  1 2  meteors  from  a  well-defined 
centre  at  54°  -f  16°,  on  Nov.  6,  1869,  and  Major  Tupman  traced  a 
shower  at  56"^  +24°  on  the  nights  of  Nov.  1-3,  1872.  Thus  in 
the  early  part  of  November  these  Taurids  and  Arietids  form  im- 
portant displays.  The  Leonids  (max.  13th)  have  furnished  nearly 
all  the  brilliant  meteors  recorded  during  the  nth- 15th.  The 
19th  is  also  a  very  conspicuous  date  for  fireballs,  and  there  is  no 
doubt  that  the  Taurids  are  again  the  chief  contributors.  A  star- 
shower  of  more  than  usual  intensity  was  seen  by  the  writer  on 
the  night  of  Nov.  19,  1876,  with  a  lidiant  at  62°  +22°;  and  the 
large  meteors  of  Nov.  19,  1861,  Nov.  37,  1862,  Nov.  21,  1865, 
Nov.  23,  1877,  probably  belonged  to  the  same  system  of  Taurids^ 
which  in  the  evenings  of  this  month  often  gives  a  bright  and 
numerous  display  of  shooting-stars.  Another  special  date  is  the 
27th,  when  the  Andromedes  (max.  1872)  are  occasionally  visible  in 
great  abuudance. 

December  8th-9th,  nth- 12th,  and  21st  are  the  most  prominent 
dates  of  that  month.  The  two  former  epochs  agree  with  the  G^emi- 
nids  ;  and  there  is  no  doubt  that  the  many  fine  meteors  observed 
at  this  season  have  belonged  to  that  active  meteor-shower.  On 
Dec.  9,  1877,  Mr.  Corder  saw  a  shower  of  bright  meteors  from  a 
point  at  108"^  +28%  which,  however,  he  regards  as  distinct  to  the 
true  Geminids.  The  21st  of  this  month  is  (Hke  April  11 -12  and 
Nov.  1 9)  a  very  decided  date  of  fireballs,  for  more  than  three  times  as 
many  have  been  seen  on  this  date  as  on  the  other  ordinary  nights  of  the 
month.  One  of  the  chief  radiants  is  probably  that  of  the  Taurids  ET. 
(80°  -f-  23°),  which  in  1878  supplied  several  fine  meteors  on  that  night, 
though  it  is  also  in  striking  activity  earlier  in  the  month.  We  re- 
quire many  more  observations  on  this  and  many  other  nights  of 
the  year ;  for  they  are  likely  to  yield  important  materials  from 
which  may  be  derived  the  radiaut-points  of  these  bright  meteor 
displays ;  and  it  is  hardly  necessary  to  add  that  in  all  cases  the 
directions  and  positions  of  the  apparent  paths  should  be  recorded 
with  the  utmost  accuracy  possible.  W.  F.  Denioko. 
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The  Visibtlity  of  Meteors. 

In  the  spring  of  1875  I  undertook  a  series  of  meteoric  observations 
with  tiie  intention  of  continuing  the  same  for  a  period  of  ten  years. 
My  object  at  the  time  was  merely  to  determine  the  average  number 
of  meteors  visible  during  a  certain  hour  throughout  the  year ;  and 
I  simply  receded  the  number  observed  each  clear  evening  in  the 
absence  of  the  moonlight,  during  the  hour  selected,  their  velocities 
(divided  into  three  classes),  and  fiieir  magnitudes  compared  with  the 
stars  or  planets.  My  time  being  somewhat  limited  at  the  com- 
m^icement  of  the  series,  I  was  only  enabled  to  devote  half  an  hour 
to  the  work  each  evening;  but  becoming  more  interested  in  the 
subject  as  the  work  progressed,  and  particularly  in  the  more  im- 
portwat  work  of  mapping  the  meteor-tracks,  I  was  able  at  the  ex- 
piration of  20  months  to  give  more  time  to  the  subject,  and  for  the 
past  two  years  my  watches  have  been  of  much  longer  duration. 
Wishing  to  select  a  convenient  hour  during  which  observations 
could  be  taken  the  jear  round,  I  found  that  an  earlier  hour  than 

9  P.M.  was  impracticable,  so  that  I  selected  the  hour  between  9  and 

10  P.M.  for  the  series.  The  observations  were  invariably  taken  in 
the  east,  the  centre  of  observation  being  at  an  altitude  of  about 
40^,  and  the  view  was  limited  to  about  |^  of  the  visible  heavens,  this 
being  considered  about  as  large  a  space  as  could  be  conveniently 
covered.  During  the  first  20  months,  the  obser|ptions  were  taken 
from  9  to  9.30  P.M.,  and  the  averages  multiplied  by  2  give  the  horary 
number,  and  during  the  past  two  years,  from  9  to  10  p.m.,  in  half- 
hourly  series,  for  the  purpose  of  seeing  if  the  results  would  differ 
materially  from  those  deduced  during  the  preceding  20  months ; 
but  no  appreciable  difference  was  shown,  both  determinations  giving 
almost  exactly  the  same  results.  I  have  summarized  the  results  in 
the  Table  given,  p.  134,  with  the  calculated  horary  rate  of  frequency 
for  the  sevend  months. 

The  averages  for  liie  first  and  last  six  months  of  the  year  are 
3*9  and  5*9  respectively. 

This  corroborates  the  results  deduced  by  other  observers. 
Meteors  were  notably  scarce  during  the  greater  part  of  the  year  1877. 
Mr.  Denning  remarked  this  (*  Obs.'  Vol.  i.  No.  4)  for  the  months  of 
Jan.  and  Feb.  1877.  Of  the  923  meteors  recorded,  the  following 
were  their  estimated  brightness  :— 

=4th  mag.  * 
:>>i8t  mag*'**     ==ist  mag.  ♦,     =2nd  mag.  *.     =3rd  mag.  *,       and  fainter. 
19  lOI  171  225  407 

The  velocities  were  divided  into  three  classes — slow,  medium, 
and  rapid ;  and  every  meteor  observed  was  assigned  to  one  of  the 
three  classes.  The  results,  when  deduced,  exhibit  the  following 
curious  rule : — ^That,  as  the  magnitude  increases  the  velocity  de- 
creases and  vice  versd ;  or,  in  other  words,  the  fainter  meteors,  as  a 
rule,  move  with  greater  velocity  than  the  brighter  meteors.     This 
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is  shown  in  the  following  TaUe,  which  exhibits  the  percentage  of 
meteors  belonging  to  each  of  the  three  classes,  slow,  medium,  Mid 
rapid,  and  represented  by  the  figures  i,  2,  and  3  respectively : — 

B  1st  mag.  *.      I      =&iid  mag.  «. 

I.        %.        3.         1.        *.        3. 

188  387  42-5|ii-7  252  63-1 


l^utmag.*. 

Velocities. i.        s.        3- 

Percent/..  42-2  36-8  21-0 


=  3rd  mag. «. 

Yelocitiea 1.       a.        3. 

Per  cent. . .   67  27-1  66*2 


=4111  mag. «  and  fiunter. 

I.       a.       3. 

1*9  14-1  84*0 


The  ay^rage  length  of  path  of  540  meteors  mapped  was  9^8,  which 
•appears  to  be  somewhat  less  than  the  average  of  other  observers. 
llie  most  frequent  lengths  were  between  5°  and  10%  and  the  longest 
path  recorded  was  72''.  Edwin  F.  Sawtbe. 

Cambridgeport,  Haas.,  U.S.A., 
1879,  June  4. 


Observations  or  supposed  Observations  of  the  Transits  of  Intra- 
Mercurial  Planets  or  other  Bodies  across  the  Sun^s  Disk. 

It  may  not  be  uninteresting  to  readers  of  the  '  Observatory '  to 
have  recorded  in  these  pages  the  followiug  list  of  observations  of 
the  above  class  quoted  from  a  Lecture  recently  delivered  at 
Gresham  College.  I  think  it  may  be  well  to  give  as  complete  a 
list  as  I  can  of  all  such  observations  as  have  been  recorded  since 
1 76 1 .  It  is  a  list  first  brought  together  by  Wolf  in  the  year  1 859*. 
It  was  shortly  afterwards  enlarged  by  Mr.  Carringtont,  so  well 
known  for  his  elaborate  series  of  sun-spot  observations.  It  has 
since  been  increased  by  some  additioniQ  observations  which  are 
mentioned  by  Le  VerrierJ,  and  some  of  which  are  also  brought 
together  in  Webb's  '  Celestial  Objects.' 

I  omit  from  the  original  lists  two  or  three  records  of  a  very 
doubtful  character,  but  I  include  those  numbered  3,  4,  and  18,  as 
well  authenticated  observations  of  apparent  transits,  either  of 
comets  or  of  bodies  near  to  the  earth,  although  certainly  not  of 
intra-Mercurial  planets. 

(i)  1 76 1,  June  6.  Scheuten,  at  Crefeld,  saw  during  the  Transit 
of  Yenus  for  three  hours  a  spot  as  round^  black,  and  distinct  as 
Venus,  but  about  one  fourth  of  its  size,  traversing  the  Sun.  He 
iniagined  it  to  be  a  satellite  of  Venus. 

(2)  1762,  end  of  Feb.  Staudacher,  at  Niiremburg,  saw  a  black 
round  spot  on  the  Sun,  which  he  missed  the  next  day,  and  of  which 
he  said,  '*  Perhaps  this  ma;^  be  a  new  planet.'' 

(3)  1762,  Nov.  19.     lachtenberg  saw,  with  the  naked  eye,  a 

*  Mittheilungen  uber  die  Sonnenfleoken,  part  10. 

t  Bw  A.  S.  Monthly  Notices,  YoL  xz.  pp.  loi  and  191. 

X  Ck)mpte8  Bendus,  YoL  Izzziii. 
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great  round  spot  of  about  one  twelfth  the  diameter  of  the  Sun, 
traverse  a  chord  of  70®  in  3  hours. 

(4)  1764,  between  ist  and  sih.  of  May.  Hoffmann,  near  to 
Gh>tha,  saw,  with  the  naked  eye,  a  large  round  spot,  of  about  one 
fifteenth  the  diameter  of  the  Sun^  traverse  it  slowly  from  north 
to  south. 

(5)  1777)  Jiuie  17.  Mesner  saw  •  number  of  little  bodies  very 
rapidly  cross  the  Sun  in  parallel  directions.  (Hiese,  Messier  says, 
may  have  been  hailstones  or  seeds  in  the  air ;  but  were  more  pro- 
bably small  meteorites.) 

(6)  1798,  Jan.  18.  D'Angos,  at  Tarbes,  saw  a  slightly  ellip- 
tical, sharply  defined  spot,  about  halfway  between  the  centre  and 
edge  of  the  Sun,  which  passed  oS  about  25  minutes  afterwards. 
A  very  careful  account  of  the  observation  may  be  found  in  the 
•Jahrbuch'  for  Berlin,  1804,  p.  185,  or  in  *  Comptes  Eendus,' 
Vol.  Ixxxiii.  p.  586. 

(7)  1802,  Oct.  10.  Fritsch,  at  Magdeburg,  saw  a  spot  moving 
2  minutes  of  arc  in  3  minutes  of  time,  and  not  seen  after  a  cloudy 
interval  of  4  hours. 

(On  1800,  March  20,  aikl  1802,  Feb.  7,  he  also  states  that  he  saw 
spots  having  rapid  motions  of  their  own.) 

(8)  1818,  Jan.  6.  Mr.  Capel  Lofft  and  Mr.  Acton,  at  Ipswich, 
saw  a  small,  uniformly  opaque,  subelliptical  spot,  moving  for  some 
hours  more  rapidly  over  the  Sun  than  Venus  in  transit.  Before 
simset  it  disappeared  and  certainly  seemed  to  be  either  of  a  cometary 
or  planetary  character. 

This  is  a  very  well-attested  instance.  Mr.  Lofft's  letter,  dated 
181 8,  Jan.  10,  is  to  be  found  in  the  '  Monthly  Magazine '  (not,  as 
generally  stated,  of  that  date,  but)  of  18 18,  Mardi  i.  It  is  quoted 
in  *  B.  A.  8.  Monthly  Notices,'  Vol.  xx.  p.  192. 

(9)  1819,  Oct.  9.  Stark,  Canon  of  Augsburg,  saw  a  well-defined 
round  spot,  about  the  size  of  Mercury,  not  to  be  seen  the  same 
evening. 

(10)  1 820,  Feb.  12.  A  circular  well-defined  spot,  with  a  circular 
atmosphere  and  orange-gdd  tint,  not  seen  again  the  same  evening, 
is  recorded  to  have  been  seen  by  two  independent  observers,  viz.^ 
Starit  (already  referred  to)  and  Steinhiibel.  It  crossed  the  Sun  in 
about  5  hours  (see  the  *  Meteorologisches  Jahrbuch '  and  the  cor- 
respondence of  Olbers  with  Bessel,  Vol.  ii.  p.  213). 

(11)  1826,  July  31.  Stark  ('  Met.  Jahrbuch ')  at  4.45  p.m.  saw 
a  round  black  spot  on  the  north-east  border  of  the  Sun,  not  visible 
the  preceding  or  following  day. 

In  1834,  1836,  1837,  Pastorff  is  said  several  times  to  have  seen 
little  bodies  pass  over  the  Sun's  disk  in  comparatively  short  spaces 
of  time.  He  in  general  thought  he  saw  a  somewhat  larger  one  ac- 
companied by  a  much  smaller  one,  but  I  find  no  dates  given  by 
him. 

(12)  1837,  July  12.    A  very  small,  perfectly  round  spot  without 
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trace  of  penumbra  seen,  in  the  short  space  of  6  hours,  to  cross  a 
considerable  portion  of  the  Sun's  disk,  by  De  Vico  at  Borne*. 

(13)  1839,  Oct.  2.  Decuppis,  astronomical  pupil  at  the  Eoman 
College,  saw  a  perfectly  round  and  defined  spot,  moving  at  such  a 
rate  that  it  would  cross  the  Sun  in  about  6  hours.  Q  Comptes 
Bendns,'  1839,  p.  809.) 

(14)  1847,  *^^6  latter  part  of  June  or  early  in  July.  Scott  and 
Wray  saw  a  spot  like  Mercury  in  transit. 

(15)  1847,  Oct.  II.  Schmidt  at  Bonn  (Schmidt's  'Eesultate,' 
p.  26),  saw  a  small  black  spot  pass  rapidly  over  the  Sun,  which  was 
neither  a  bird  nor  an  inseet  crossing  before  the  telescope. 

(16)  1849,  Oct.  14.  Schmidt  (*  Eesultate,'  p.  31;  see  also 
p.  32).     A  similar  observation. 

(17)  1849,  March  12.  Lowe  and  Sidebotham  watched  for  half 
an  hour  a  small  round  black  spot  traversing  the  Sun. 

(18)  1855,  June  1 1 .  Ritter  and  Schmidt,  near  Naples,  watched, 
just  before  sunset,  with  the  naked  eye,  a  black  body  crossing  the 
Sun's  disk.     (*  Comptes  Eendus,'  Vol.  kxxiii.  p.  622.) 

(19)  1857,  Sept.  12.  Ohrt,  at  Wandsbeck  (*Astr.  Nachrichten,* 
No.  1269),  saw  at  i  p.m.  a  remarkable  round  spot  near  the 
north  border  of  the  Sun,  which  had  disappeared  when  the  Sun 
was  next  seen  on  the  14th.     It  was  a  little  smaller  than  Mercury. 

(20)  1858,  Aug.  I.  Circular  opaque  body  moving  from  east  to 
west,  watched  from  4**  to  5**  30°*  by  Wilson  at  Manchester.  (See 
Webb's  •  Celestial  Object^.') 

(21)  1859,  March  26.     Lescarbault's  observation. 

(22)  1862,  March  20.  A  sharply  defined  round  spot  (previously 
referred  to)  was  watched  in  progress  for  20  minutes  by  Lummis, 
of  Manchester,  and  a  friend.  It  was  of  about  half  the  diameter  of 
Mercury.     (See  'Monthly  Notices,' Nov.  22,  p.  232.) 

(23)  1864,  Feb.  12.  A  spot  of  8  seconds  diameter  crossed  the 
Sun  at  a  rate  between  those  of  Venus  and  Mercury.  Besvdck, 
New  York  (doubtful).  (See  Webb's  '  Celestial  Objects,'  p.  42.) 

(24)  1865,  May  8.  A  round  black  point  moving  across  the 
Sun  was  watched  for  48  minutes,  till  its  exit,  by  Coumbary  at 
Constantinople.  (See  Webb  and  *  Comptes  Eendus,'  1865,  part  1. 
p.  1 1 14.) 

To  the  above  observations  may  be  added  one  of  an  entirely  dif- 
ferent description  referred  to  in  '  Nature,'  Vol.  xviii.  p.  663,  which 
is  of  special  mterest  in  connection  with  the  observations  of  Messrs. 
Watson  and  Swift  during  the  eclipse  of  July  1878.  During  the 
total  Eclipse  of  1869  four  observers  at  St.  PauFs  Junction  in  Iowa 
(one  a  lady)  saw  with  the  naked  eye  what  they  termed  a  little 
brilliant  at  a  distance  about  equal  to  the  Moon's  diameter  from  the 
Sun's  limb ;  and  a  Mr.  Vincent  with  a  small  telescope  saw  a  small 
crescent-shaped  object  about  3  times  as  far  from  the  Sun.  Dr. 
Gould,  of  Cordoba,  saw  what  he  supposed  to  have  been  the  star 

*  See  the  journal  *L' Album '  of  July  7,  1838,  quoted  in  *  Nature/  Vol.  xii. 
P-  437. 
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t'  Cancri,  but  which,  from  its  brightness,  may  have  been  the  object 
seen  by  the  four  above-mentioned  observers. 

Some  of  the  observations  in  the  above  list  are  doubtless  much 
more  important  and  better  authenticated  than  others.  Some  of 
them  were  probably  pnlj  instances  of  circularly  shaped  Sun-spota 
which  lasted,  as  is  sometimes  the  case,  for  a  very  short  time.  The 
exact  circular  shape  of  a  spot  on  the  Sun,  or  the  absence  of  all 
penumbra,  is  no  proof  that  it  is  a  planet,  for  such  spots  are  seen 
from  time  to  time  which  are^undoubtedly  ordinary  Sun-spots*  Nor 
is  the  disappearance  of  a  spot,  after  the  lapse  of  a  few  hours,  such  a 
proof.    This  also  happens  from  time  to  time  with  ordinary  spots. 

E.  liEnOEB. 


On  a  new  Form  of  Spectrometer,  and  on  the  DistHbution  of 
the  Intensity  of  Light  in  the  Spectrum"^. 

I  HAYS  invented  a  spectrometer  which  I  think  will  open  a  new  and 
interesting  field  to  those  who  are  engaged  in  spectrmn  analysis. 

The  ordinary  spectroscope  is  occupied  with  the  frequency  of 
ether-vibrations  or  wave-lengths.  This  which  I  am  about  to 
describe  has  a  different  function.  It  deals  with  the  intensity  or 
brilliancy  of  light. 

It  depends  on  the  well-known  optical  principle  that  a  light 
becomes  invisible  when  it  is  in  presence  of  another  light  about 
sixty-four  times  more  brilliant. 

In  some  researches,  published  by  me  in  1847,  on  the  production 
of  light  by  heat  or  the  incandescence  of  bodies,  I  used  this  method 
as  a  photometer  and  became  sensible  of  its  value.  The  memoir  in 
which  those  experiments  are  related  may  be  found  in  my  recently 
published  *  Scientific  Memoirs,'  page  23. 

Having  also  published  in  1872  a  memoir  on  the  distribution  of  heat 
in  the  prismatic  spectrum,  and  shown  that  the  cause  of  its  increasing 
intensity  from  the  more  to  the  less  refrangible  regions  is  due  to  the 
compression  of  the  coloured  spaces  that  correspondingly  takes  place, 
owing  to  the  action  of  the  prism  itself,  but  having  failed  to  obtain 
satisfactory  measures  in  the  case  of  the  diffraction  spectrum,  in 
which  such  compression  or  condensation  does  not  occur,  I  was  led 
to  reflect  whether  better  success  might  not  be  secured  by  attempting 
to  measure  the  relative  intensity  or  distribution  of  the  light. 

Admitting  what  is  commonly  received  as  true,  that  the  yellow  is 
the  brightest  of  the  coloured  spectrum  spaces,  and  that  the  luminous 
intensity  diminishes  from  that  in  both  directions,  above  and  below, 
I  supposed  that  if  such  a  spectrum  was  brought  in  presence  of  an 
extraneous  Hght,  the  illuminating  power  of  which  could  be  varied 
at  pleasiupe,  wiat  after  the  red  and  the  orange  on  one  side  and  the 

»  By  J.  W.  Draper,  M.D.,  President  of  the  Faculty  of  Science  in  the  Univer- 
iity  of  New  York.    From  the  *  American  Journal  of  Science,'  1879,  July. 
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green,  blue,  indigo,  and  violet  on  the  other  had  been  extinguished, 
the  yellow  would  still  remain  in  the  midst  of  the  surrounding  il- 
lumination.    On  making  the  experiment  it  turned  out  difEerentlj. 

For  the  sake  of  deariiess  of  description,  I  will  call  this  extraneous 
light,  from  the  function  it  has  to  discharge,  the  extinguishing  light. 

There  are  many  different  plans  by  which  the  principle  above  in- 
dicated may  be  carried  into  practical  effect.  Sevend  of  these  I 
have  tried  and  have  found  the  following  a  convenient  one. 

Bemove  from  the  common  three-tubed  spectroscope  its  scale-tube 
and  place  against  the  aperture  into  which  it  was  screwed  a  piece  of 
glass  ground  on  both  sides.  In  front  of  this  arrange  an  ordinary 
gaslight,  attached  to  a  flexible  tube,  so  that  its  distance  from  the 
ground  glass  may  be  varied  at  pleasure.  On  looking  through  the 
telescope-tube  the  field  of  view  will  be  uniformly  illuminated,  this 
being  the  use  of  the  ground  glass.  The  brilliancy  of  the  field 
depends  on  the  distance  of  the  gaslight,  according  to  the  ordinary 
photometric  law. 

ist.  Case  of  the  Prismatic  or  Dispersion  Spectrum, — ^If  the  extin- 
guishing light  be  for  the  moment  put  out  and  in  the  proper  place 
before  the  slit  tube  the  luminous  flame  of  the  Bunsen  burner  that 
accompanies  the  apparatus  be  arranged,  on  looking  through  the 
telescope  a  spectrum  of  that  luminous  flame  will  of  course  be  seen. 
The  slit  itself  should  be  very  narrow  so  that  the  spectrum  may  not 
be  too  bright. 

Now  let  the  extinguishing  flame  be  placed  before  the  ground 
glass  and  a  spectrum  is  seen  in  the  midst  of  a  field  of  light,  the 
brilliancy  of  which  can  be  varied  at  pleasure.  If  the  extinguishing 
flame  be  at  a  suitable  distance  the  whole  spectrum  may  be  discerned. 
As  that  distance  is  shortened,  flrst  the  violet,  and  then  the  other 
more  refrangible  colours  in  their  descending  order  disappear,  and 
at  length  in  the  steadily  increasing  effiilgence  the  red  alone  remains. 
The  yellow  never  stands  out  conspicuously  as  might  have  been 
expected. 

This  is  scarcely  consistent  with  the  assertion  that  the  yellow  is 
the  brightest  of  the  rays.  The  red  is  plainly  perceptible  long  after 
the  yellow  has  gone.  There  is  a  greenish  tint  emitted  by  gaslight 
that  disappears  a  little  previously  to  the  extinction  of  the  red. 

From  these  observations  I  think  that  the  luminous  intensity  of 
the  coloured  spaces  has  a  relation  to  the  compression  or  condensation 
that  the  prism  is  impressing  upon  them.  It  may  be  that,  properly 
considered,  the  intrinsic  intensity  of  the  b'ght  is  the  same  for  all. 
In  this  we  must  always  bear  in  mind  the  physiological  peculiarities 
of  the  eye. 

The  foregoing  statement  is  perhaps  sufficiently  explicit  to  enable 
any  one  to  verify  the  facts.  I  may,  however,  mention  some  im- 
provements in  the  apparatus  which  experience  has  led  me  to  adopt. 

The  intensity  of'  the  extinguishing  light  may  be  insufficient  to 
obliterate  the  spectrum,  even  though  the  slit  be  closely  narrowed. 
How  then  may  the  intensity  of  the  spectrum  be  diminished  and 
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that  o£  the  extinguishing  light  be  simultaaieoaslj  increased?  I 
accomplished  this  by  depositing  on  that  £ace  of  the  prism  which 
acts  as  a  reflector  an  excessively  thin  film  of  silver.  This,  though 
it  was  transparent  to  the  transmitted  rays,  increased  very  greatly 
by  its  metallic  reflecticm  the  extinguishing  ones.  I  could  not  see  any 
difference  between  the  spectrum  of  the  light  that  had  come  through 
this  film  and  that  before  the  face  was  silvered,  but  the  reflected 
li^ht  was  incomparably  more  brilliant.  The  complete  obliteration 
or  the  entire  spectrum  presented  now  no  difficulty. 

Nothing  need  be  said  about  collateral  contrivances,  which  would 
suggest  themselves  to  any  one :  A  strip  of  wood  a  metre  long  and 
beanng  divisions  served  to  keep  the  extinguishing-lamp  in  the 
proper  direction  as  regards  the  ground  glass,  and  indicated  its 
distance.  I  may  add,  however,  that  satisfactory  observations  can 
be  made  very  conveniently  by  keeping  the  extinguishing-flame  at  a 
constant  distance  and  varying  its  intensity  by  opening  or  closing 
its  stop-cock.  This  avoids  the  trouble  arising  from  moving  the 
flune.  In  one  instrument  I  caused  an  index  attached  to  the  head 
of  the  stop-oock  to  move  over  a  |;raduated  scale,  and  so  ascertained 
how  much  it  was  opened.  This,  though  permitting  of  pleasant 
working,  bad  not  the  exactness  of  the  method  of  distances. 

Such  are  the  results  obtained  from  the  prismatic  dispersion  o£ 
gaslight.  I  completed  this  part  of  the  investigation  by  an  exami- 
nation of  sunlight.  For  this  purpose  I  resorted  to  the  foregoing 
principle,  introducing  a  beam  of  sunlight  reflected  from  a  heliostat 
through  a  slit.  The  spectrum  of  this  was  thrown  upon  a  paper 
screen  so  placed  that  by  opening  or  closing  an  adjacent  window- 
shutter  the  light  of  the  sky  in  greater  or  less  quantity  could  fall 
upon  the  paper,  and  act  as  an  extinguisher.  When  the  shutter  was 
fully  opened  the  spectrum  was  quite  obliterated ;  and  on  gradually 
closing  it  so  as  to  diminish  the  extinguishing  light,  the  red  r^on 
first  came  into  view,  the  other  colours  following  in  the  order  of 
their  refrangibility,  the  extreme  violet  appearing  last.  On  reversing 
the  movement  of  the  shutter  the  colours  disappeared  in  the  reverse 
order,  the  red  disappearing  last. 

At  the  moment  when  the  red  was  approaching  extinction  there 
always  existed  on  its  more  refrangible  siae  a  gleam  of  greyish-green 
light.  It  was  in  the  position  of  that  greenish  gleam  which  appeared 
as  I  have  described  when  gaslight  was  examined.  Its  colour 
recalled  to  my  mind  the  faint  greenish-grey  light  I  had  seen  when 
a  strip  of  platinum  is  ignited  by  a  feeble  electric  current,  as  described 
in  my  memoir  of  1847,  above  referred  to. 

Subsequently  I  constructed  a  camera  having  two  apertures  in  its 
front.  Through  one  of  them,  by  a  suitable  arrangement  of  a  helio- 
stat, slit,  direct-vision  prism,  and  convex  lens,  a  solar  spectrum 
was  formed  on  the  ground  glass.  Through  the  second  aperture, 
which  was  about  an  inch  square  covered  ^lith  a  glass  ground  on 
both  faces,  an  extinguishing  beam  of  sunlight  passed.  This  ground 
glass  sened  to  disseminate  the  extinguishing  light  uniformly  over 
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the  spectrum.  I  could  regulate  the  power  of  this  light  by  yaryiug 
the  size  of  the  aperture  through  which  it  came  by  means  of  a  slide. 
It  is  needless  to  give  details  of  the  results  obtained  by  this  in- 
strument. They  were  identical  with  those  described  in  the  fore- 
goii^  paragraphs. 

It  might  be  supposed  that  the  irrationality  of  dispersion  of  dif- 
ferent prisms  would  influence  the  results  perceptibly.  Accordingly 
I  tried  prisms  of  different  kinds  of  glass  and  other  transparent 
substances,  but  could  not  find  that  this  was  the  case.  In  all  ^e 
extinction  began  in  the  violet  and  ended  in  ihe  red. 

Nor  did  there  seem  to  be  any  difference  when  the  effect  was 
viewed  by  different  eyes.  To  persons  irrespective  of  age  or  the 
condition  of  their  sight,  the  extinction  took  place  in  the  same 
manner.  I  had  not  an  opportunity  of  examination  in  a  case  of 
colour-blindness. 

2nd.  Case  of  the  Grating  or  Diffraction  Spectrum, — If  the  cause 
of  the  increasing  intensity  of  light  in  the  prismatic  spectrum  from 
the  more  to  the  less  refrangible  region  be  the  compression  exercised 
by  the  prism  on  the  coloureid  spaces,  increasing  as  the  refrangibihty 
is  less,  we  ought  not  to  find  any  such  peculiarity  in  the  diffraction 
spectrum.  In  this  the  coloured  spaces  are  arranged  uniformly 
and  equably  in  the  order  of  their  wave-lengths.  An  extinguishing 
light  ought  to  obliterate  them  all  at  the  same  moment. 

Having  modified  the  common  spectroscope  by  taking  away  its 
dark  box  so  that  the  slit-tube  and  telescope-tube  could  be  set  in 
any  required  angular  position,  I  put  in  the  place  of  its  prism  a 
glass  grating  inclined  at  forty-five  d^rees  to  rays  coming  in 
through  the  slit.  The  ruled  side  of  the  grating  was  presented  to 
the  slit.  Now  when  the  extinguishing  flame  was  properly  placed 
before  the  ground  glass,  the  plane  side  of  the  grating  reflected  its 
light  down  the  telescope-tube.  In  this,  as  in  the  former  case,  the 
spectrum  was  seen  in  the  midst  of  a  field  of  light,  the  intensity  of 
which  could  be  varied  by  varying  the  distance  of  the  extinguishing 
flame,  or  by  varying  the  opening  of  its  stop-cock.  This  light  needs 
no  reinforcement  by  increasing  the  reflecting  power  of  the  back  face 
of  the  grating,  these  spectra  being  much  more  feeble  than  that 
given  by  a  prism,  and  the  unassisted  light  being  quite  able  to  ex- 
tinguish them. 

As  the  glass  grating  I  was  using  gave  it^  two  series  of  spectra 
of  unequal  brightness,  I  selected  the  most  brilliant,  and  in  it  used 
the  spectrum  of  the  first  order.  I  saw,  not  without  pleasure,  that 
as  the  force  of  the  extinguishing  illumination  increased,  all  the 
coloured  spaces  yielded  apparently  in  an  equal  manner  and  disap- 
peared at  the  same  moment.  Sometimes,  however,  there  seemed 
to  be  a  very  sb'ght  difference  in  favour  of  the  red.  On  diminishing 
the  illumination  all  the  colours  came  into  view  apparently  at  the 
same  time.  This  spectrum  gives  a  better  opportunity  than  the 
prismatic  for  observations  on  the  yellow  space,  whidi,  by  bdng 
uncompressed,  exposes  a  wider  surface  to  view.      This  yellow 
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space  showed  no  superiority  in  resisting  extinction  oyer  the  other 
colours. 

But  as  gaslight,  compared  with  sunlight,  is  deficient  in  the  more 
refrangible  rays,  I  repeated  the  examination  of  the  latter,  as  I  had 
preyiouslj  done  for  the  prismatic  spectrum,  modifying  the  appa- 
ratus so  as  to  use  a  grating  in  the  place  of  the  prism.  The  obser- 
yations  in  this  case  of  sunlight  were  quite  as  satisfactory  as  those 
in  which  gaslight  had  been  used. 

Oeneral  Gondusions. — ist.  In  the  prismatic  spectrum  the  lumi- 
nous intensity  increases  from  the  more  to  the  less  refran^Ie 
spaces,  its  maximum  being  not  in  the  yellow  but  in  the  red.  This 
is  due  to  the  action  of  the  prism,  which  narrows  and,  as  it  were, 
condenses  the  coloured  spaces  more  and  more  as  we  pass  toward 
the  red,  increasing  the  intensity  of  the  light  as  it  does  that  of  the 
heat. 

2nd.  In  the  grating,  or  di&raction  spectrum,  the  luminous  in- 
tensity is  equal  in  all  the  risible  regions,  all  the  colours  being 
simultaneously  obliterated  by  an  extinguishing  light. 

It  must,  however,  be  borne  in  mind  that  these  conclusions 
should  be  taken  in  connection  with  the  physiological  action  of 
the  eye.  Owing  in  part  to  the  imperfect  transparency  of  its 
media,  and  partly  to  the  inability  oi  its  nervous  mechanism  to 
transmit  waves  of  certain  frequency  to  the  brain,  the  spectrum 
does  not  begin  and  end  sharply,  as  to  a  perfect  eye  a  perfect  spectrum 
ought  to  do. 

There  are,  hence,  two  causes  which  must  not  be  overlooked  in 
these  observations,  ist,  the  physiological  peculiarity  of  the  eye, 
which  gives  to  each  end  of  the  spectrum  the  aspect  of  gradually 
fading  away.  2nd,  in  the  case  of  solar  light  the  absorptive  action 
of  the  atmosphere,  which  is  chiefly  exerted  on  the  more  refrangible 
rays. 

I  think,  bearing  in  mind  the  correlation  of  light  and  heat,  both 
being  corresponding  manifestations  of  the  same  vibratory  move- 
ment in  the  ether,  that  these  results  substantiate  those  I  published 
in  1872,  on  the  distribution  of  heat  in  the  spectrum;  and  that  as 
the  different  coloured  spaces  are  equally  luminous,  so  they  are 
equally  warm. 

I  have  made  some  attempts  to  compare  with  each  other  the 
luminous  intensity  of  the  bright  lines  in  various  spectra,  especially 
those  emitted  by  a  strontium  flame ;  but  not  being  able  to  continue 
these  researches  at  present,  I  have  postponed  them  to  a  more 
favourable  opportunity.  J.  W.  Deapeh. 

Uniyeraity  of  New  York,  May  5th,  1879. 


Double  Stars  for  September. 
The  most  interesting  Strnvian  Double  Stars  in  the  remaining  hours 
of  E,A.  are  here  given.    The  discoveries  of  the  elder  Herschel, 
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2.,  and  02.  being  now  disposed  of,  a  selection  from  the  stars 
recently  disooYered  by  Bumluun  and  others  will  be  given  in  October 
and  the  following  months ;  of  these,  many  are  excessiyelj  difficult, 
and  many  are  southern  stars.  Many  are  certainly  physical  nairs, 
and  some  are  already  known  to  possess  an  interest  scarcely  inferior 
to  that  of  the  most  famous  of  the  older  binaries.  Very  good 
service  will  be  done  to  liiis  department  of  Astronomy  by  amateurs 
who  succeed  in  obtaining  good  measures  of  these  objects. 

2  2749.        E.A.  20^  S8--7,  Dec.  +3°  3'.    Mag.  A  77,  B  8-9,  C  9, 

A  and  -— •  1876-3        iS3*''o  $"'6$  Dembowski. 

2 

B  G  77*8        148  -9  I  '12  Bumham. 

A  ternary  system  ? 

S  27s8=»6i  CygnL        EJL.  21*  i»-3,  Dec  +38**  8'. 
Mag.  5-3,  5-9. 

1878        ii6**-7        2o"'02  Gteldney. 

A  famous  binary. 

OS  527.        E.A.  21^  2"-4,  Dec.  +4°  40'.    Mag.  7,  8. 

i877"7  99**'4  o"'64  Bumham. 

Binary.    In  rapid  moyement. 

S  2777=5  Bquulei.        EJL.  21^  8"s,  Dec.  +9°  32'.    Mag.  A  4, 

B  5,  C  ID. 

AB(0SS3S)  1877        156^-2  o"-2  Bumham. 

AC  77  24 'o         37  '6         »    Hammarion. 

The  changes  in  AB  are  orbital :  period  7  or  14  years.    C  is 
probably  fixed. 

r  Cygni.        B.A.  21''  10",  Dec  +37°  32'.    Mag.  4*8,  7^6. 
Colours,  yeUow,  blue. 
1878-4        i5o°'0  i"*o6  Bumham. 

Discovered  by  Clark  in  1874.     Holden  has  detected  a  more 
distant  companion. 

1876-9        260^-3        i5"-68 

2  2799.        E.A.  2i*»  23",  Dec.  +10°  33'.   Mag.  6-6^  6-6. 

^877-3        3i2'*-3  i"-S3  Doberck. 

Orbital  motion. 

a  2822=/x  Cygni.        E.A.  21''  38»-8,  Dec.  +28°  12'.    Mag.  A  4, 

B  5,  C  75. 

AB  1877.7        ii7°-8  3"-76  Doberck. 

AC  *6  57-1        209  '9  Hammarion. 

A  B  binary: 
TOL.  in.  M 
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S 2900.        E.A.  22*^  i7"^8,  Dec.  +20*"  15'.    Mag.  A  6,B  9-2,  C  8. 

AB  1876-8        i78°-9  i"-78  Doberck. 

A  C      77*8        330  '2         63  '5  Flammarion. 

AB  form  a  physioiil  pair. 

S  2909=^  Aquarii.       BJL.  22**  22"*6,  Dec.  —0°  38'.    Mag.  4, 4*1. 

1878-8        332°-9  3"-35  Goldney. 

A  remarkable  binary.    Period  1578*3  years  (Doberck). 

S  3001.        R.A.  23**  i3™-7,  Dec.  +67°  27'.    Mag.  5-2,  7-8. 

1877-7         i9i°-6  2"-46  Doberck. 

Binary.    Colours,  A  very  yellow,  B  very  blue. 

85  Pegasi.        E.A.  2s^  SS"'^,  Dec.  +26^  27'. 

A  C  1878-4  33°-9         i4"-i6  Bumham. 

In  1878  Mr.  Bumham  detected  the  duplicity  of  A.  His  most 
recent  measures  are : — 

A  B  1879-4        287°-2  o"-73  Mag.  6,  12. 

AC  3  29-9  15  -o  „     6,9. 

A  D      78-9        277  -I  61  '73  „     6,  13. 

AB  form  a  physical  pair. 

2  3062.        R.A.  23'^  S9»-9,  Dec.  +57°  46'.    Mag.  6-9,  8. 

1877-7        297**-7  i"-43  Doberck. 

Binary.    Period  112-6  years  (Schur),  104*4  years  (Doberck). 

Correction.  *  Observatory/  vol.  ii.  p.  382.  Bead : — ^"F  was  dis- 
covered to  be  double  by  Bird,"  &c,  Mr.  Q.  Hunt  has  kindly 
pointed  out  this  error. 

Joseph  Gledhill. 

Mr.  Sdward  OrossLe/B  Obeervatorj, 
Bermemde,  Halifax. 


Meteor  Notes  for  September. 

"ETEtmsQ  observations  may  be  made  between  the  9th  and  23rd,  and 
in  the  mornings  between  the  14th  and  28th.  The  number  of 
radiant-points  visible  this  month  is  very  large,  and  for  the  most 

Eirt  they  are  situated  in  Cassiopeia,  Lacerta,  Auriga,  Perseus, 
yni,  Pegasus,  and  Cepheus.  It  is  for  the  observer  to  single  out 
their  accurate  positions,  and  disentangle  them  in  cases  where  several 
lie  near  together. 
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A  rich  shower  near  e  Persei,  at  60°  +37^  should  be  looked  for 
between  the  9th-i5th.  Two  radiants  from  154°  +41°  and  130° 
+46°  also  require  further  observation  in  the  mornings  during  the 
last  half  of  the  month.  On  the  27th-28th  there  is  a  well-marked 
radiant  N.  of  a  Aurigce  (84^  +  52^,  seen  bj  Zezioli,  A.  S.  Herschel, 
and  others,  and  it  was  observed  by  the  writer  as  early  as  the  5th 
in  1877.  On  the  latter  date  a  shower  should  be  expected  from  the 
vicinity  of  a  and  /3  Cephei ;  for  Zezioli  records  on  Sept.  5,  1867, 
9^^,  that  nine  small  shooting-stars  diverged  from  that  region  in 
various  directions.  On  Sept.  21,  1876,  Corder  noticed  a  good 
centre  of  radiation  of  10  extremely  small  meteors  at  352^*5  +  i6®'S, 
and  on  the  17th,  21st,  and  23rd  there  were  radiants  in  Lacerta, 
on  the  2oth-2i8t  at  Z  Cygni,  and  at  the  end  of  the  month  near 
Polaris.  Sawyer  observed  an  exact  radiant  of  swift,  short  meteors 
at  3°  +ai°  on  Sept.  27th-3oth,  1878,  which  appears  to  be  a  new 
shower. 

There  is  a  conspicuous  radiant  in  September,  which  almost 
coincides  with  the  position  of  the  August  Perseids ;  Heis  gives  the 
centre  at  43 J°  +62!%  Sept.  1-3 1  (51  meteors);  Tupman  saw  it 
at  4«°  +55°  on  Sept.  5,  1870 ;  and  the  writer  has  determined  a 
radiant  at  45°  +57  ,  Aug.  24-Sept.  14  (23  meteors). 

Further  details  of  September  pieteor-shpwers  are  given  in  the 
*  Observatory,*  Vol.  i.  p.  157  and  Vol.  ii.  pp.  163-165. 

FLreballs  are  deddeoly  numerous  this  month,  and  may  be  looked 
for  with  more  than  ordinary  chance  of  success  on  the  ist-2nd, 
6th-7th,  ioth-i3th,  and  25th. 

Bieent  Observations, — At  Bristol  the  following  observations  were 
recently  made  by  ^e  writer : — 

Dura-  Meteors 

Date.  Tim«.  tiom  teen.              State  of  dy. 

1979.  h  m       h  m  hra. 

Julj  28 II  45  to  13  45  z         45  8Ught  fog ;  stars  dim. 

29 10301013    o  ti        26  Bky  clear ;  moonlight. 

Aug.  9 9  30  to  12    o  2^        33  Much  cirrus  doud. 

II 94otoioio  i        20  6kyclear;oloudTafterio^io". 

12......  zii5toi2    o  I        19  Bkjrolear;  oioudsat  12^. 

Thus  143  shooting-stars  were  seen  in  8|  hours  of  watching 
during  the  period  from  July  28  to  Aug.  12.  The  night  of  August 
10  was  overcast  throughout.  On  July  28  the  Aquariads  were 
the  chief  shower,  with  a  radiant  at  338°  —14°  (14  meteors). 
There  were  six  bright  Perseids  II.  and  several  meteors  from  Del- 
phinus  (307°  -f  10°),  and  the  region  of  tj  Pegasi  and  Lacerta.  On 
July  29  the  Moon  was  up  until  12'*  30",  and  there  were  not  many 
shooting-stars.  The  best  shower  was  fipom  30®  +37°,  whida 
supplied  6  swift,  streak-leaving  meteors.  On  Aug.  9,  33  meteors 
were  counted,  and  less  than  half  at  these  were  Perseids  with  a 
centre  at  46°  +58°.  A  bright  stationary  meteor  =Siriu8  was 
reeoriei  at  la**  43"  at  the  point  342°  — 16°,  and  evidently  belonging 
to  the  same  radisuit  as  the  July  27-30  Aquariads,  which  certwnly 
endures  tturough  the  first  half  of  August,  for  in  1877  ^^  writer 
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obserred  lo  meteors  from  a  centre  at  342°  —12**,  Aug.  3-16.  On 
Aug.  II  the  sk^  was  clear  for  ^  hour ;  and  of  the  20  meteors  seen, 
15  were  Perseids.  They  were  increasing  remarkably  fast  when 
clouds  came  up  at  10^  10"^,  for  during  the  last  ten  minutes  of  the 
watch  there  were  12  meteors.  On  Aug.  12  the  sky  was  clear  at 
times.  Of  the  19  meteors  seen  in  the  |  hour  from  11^  15**  to  i2\ 
8  were  Perseids ;  but  the  display  on  this  night  was  much  inferior 
to  that  of  the  preceding  nignt.  In  all  alout  38  Perseids  were 
observed  on  Aug.  9-12,  and  they  gave  a  pretty  well-defined  radiant 
at  46^  +  58^  The  paths  of  the  brightest  meteors  seen  were  as 
below : — 


Date. 

Time.    Mag 

from 

to                  Notes. 

Badiant 

1879- 

h   m 

0       0 

0       0 

Julya6... 

1336      i 

180  +75 

»5»  +73    Slow ;  yellow ;  train. 

.    qDraoonia. 

July  19... 

12 16      % 

140+66 

158+54    Bapid;  streak. 

PeneidalL 

July  29... 

12  35  >i 

347  +33* 

337  +20    Bapid ;  no  streak. 

FPerseidsII. 

Aug.  9... 

10    4>-i 

309-11 

313—24    Slow;  ineiact 

Aquilids  or 
Draconids  H. 

Aug.  9  ... 

io43>i 

342-16 

stationary.  Transient 

Aquariads. 

Aug.  9... 

"53    n 

34+78 

254+85i  Eapid;  streak. 

Perseids  L 

Aug.  12... 

II 30    % 

6+47 

351  +37     Bapid ;  streaL 

Perseids  I. 

Aug.  12... 

"55      S 

30+64 

eo4-CA  /Slowish;  bright  \ 
5^+54  {train  of  spark 

Draoonids  II. 

During  the  writer's  observations  of  the  last  few  annual  returns 
of  the  Perseids,  a  radiant-point  in  Musca  has  become  conspicuous, 
supplying  very  swift,  long-pathed  meteors  with  slender  streaks  of 
15^  or  20°.  Prom  19  paths  (including  several  corroborative  ones 
registered  by  the  It<alian  observers  in  1872),  the  shower-centre  is 
exactly  derived  at  44®  +25**.  The  position  is  not  new,  for  Weiss 
found  a  radiant  at  44^ +24%  Aug.  11-12,  1869,  and  it  may  be  also 
identical  with  54°  +28°,  Aug.  3-12  (Schmidt),  48°  +19°,  Aug.  10 
(Denza),  and  39°  +28°,  Aug.  22-28  (Tupman).  There  was  also 
a  radiant-point  this  year  of  some  bright  slow  meteors,  devoid  of 
streaks  or  trains,  from  nearjS  FrssB  Minoris,  at  about  215°  +76**. 

Mr.  y.  Cornish  at  Debenham  observed  26  meteors  between  July 
23rd-2  8th.  On  the  2  8th  two  radiants  were  suspected  in  positions  at 
263**  +66°  and  288°  +67^°,  A  stationary  meteor  (3ra  mag.)  was 
noted  at  280°  —16 J**  on  the  24th. 

Major  Tupman  at  Blackheath,  SIE.,  secured  the  tracks  of  18 
meteors  between  10.28  and  11.40,  on  Aug.  it.  Of  these,  14  or  15 
were  Perseids,  giving  a  normal  radiant  at  45°  +56°;  but  there 
was  evidence  of  two  centres  separated  6°  or  7°  in  declination.  Pour 
bright  Perseids  were  recorded  as  below : — 

Prom  to 

h  m  00  90 

Aug.  II 10  50      =  ?       165  +73        «8^  +53        Swift;  brightstreaL 

„  losoi    =$       165+59        "83 +34        Swift;  bright  streak. 

1055      =V       ^35 +39        3135+19        Very  swift;  streak. 
„  II  18      -H/L  0+68        310+58        Streak. 

Mr.  J.  L.  M*Cance  at  Putney  Hill,  S.W.,  saw  a  bright  white 
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meteor  on  July  23,  12.9 J,  s=ist  mag.  star,  paesing  rapidly  from 
about  i6|°  -\'3s''  to  18°  +28^  It  left  a  brightish  tram,  which, 
however,  quickly  died  out. 

The  Bev.  Gt.  T.  Eyves  writes  from  Stoke-on-Trent  that  on 
Aug.  9  he  saw  13  meteors  (of  which  12  were  Perseids),  during  an 
hour's  watch  of  a  cloudless  sky,  from  9  to  10  p.m.  The  loth  was 
oyercast.  On  the  nth  observations  were  commenced  at  10.40; 
and  during  the  first  20  minutes  12  meteors  were  seen,  of  which 
three  were  large  shooting-stars,  about  equal  to  Sirius  in  brightness 
and  accompanied  by  streams.  From  11^  until  13^,  48  others  were 
counted,  including  40  Perseids,  but  afterwards  the  sky  became 
cloudy. 

The  night  of  August  10,  when  the  chief  display  was  expected, 
appears  mifortunately  to  have  been  overcast  at  nearly  all  stations. 
It  is  therefore  impossible  to  say  at  present  whether  this  year's 
return  of  the  Perseids  has  been  of  exceptional  character.  Certainly, 
so  &r  as  may  be  inferred  from  observations  on  the  9  th  and  i  ith, 
the  shower  was  not  very  remarkable,  differing  little  from  those  of 
the  few  preceding  years ;  but  we  may  have  more  favourable  reports 
from  foreign  observatories.  W.  P.  Dbitnikg. 


CORRESPONDENCE. 

To  iJu  Editor  of  *  TTie  Observatory! 

The  Inner  Satellite  of  Mars. 

Sib,— 

Mr.  G.  H.  Darwin's  tidal  theory  of  the  evolution  of  satel- 
lites, an  abstract  of  which  was  given  in  the  'Observatory'  for 
July,  will  doubtless  attract  the  general  attention  of  astronomers,  not 
only  because  of  its  mathematical  basis,  but  also  from  the  fact  of  its 
obvious  inconsistency  with  the  cosmogony  of  Laplace.  The  closing 
paragraph,  however,  of  the  article  referred  to  can  hardly  be 
accepted  without  further  explanation.  Having  shown  that  the 
mutual  influence  between  a  satellite  and  the  tide  which  it  produces 
in  its  primary  must  retard  the  rotation  of  the  planet,  ana  at  the 
same  time  lengthen  the  period  of  the  satellite,  Mr.  Darwin  con- 
cludes : — 

**  The  anomalous  satellite  of  Mars,  which  revolves  faster  than  its 
primaiy  rotates,  appears  to  present  a  case  strongly  confirmatory  of 
these  views ;  for  it  seems  probable  that  its  extreme  minuteness  has 
preserved  it  as  a  standing  memorial  of  the  primitive  time  of  rota- 
tion of  Mars  round  its  axis." 

Now  the  mass  of  this  inner  satellite  is  to  that  of  our  Moon  in 
the  (approximate)  ratio  of  i  to  30,000,000.     It  can  therefore 
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produce  no  sensible  tides  in  the  primary.  It  is,  in  fact,  from  this 
absence  of  tides  that  Mr.  Darwin  infers  the  constant  distance  of  the 
satellite.  What,  then,  has  lengthened  the  rotation  period  of  Mars 
&om  less  than  8  to  nearly  25  hours  ? 

I  am,  Sir,  yours  faithfuUy, 
Hoomington,  Indiana,  U.  S.  A.,  Danebl  KibkwOOB. 

July,  1879. 

7%«  Occult ation  of  Antares,  1879,  ^^^9  ^8. 

Sib,— 

I  obserred  the  occultation  of  Antares  by  the  Moon  on  the 
evening  of  the  28th;  the  night  was  clear,  but  the  atmosphere  pre- 
sented some  opacity  peculiar  to  east  wind  in  this  locality;  the 
wind  blew  with  violence — that  is  to  say,  it  reached  the  number  5 
of  the  scale. 

.  I  made  use  of  my  Browning  equatoreal  reflector  of  8  J  inches. 
The  chronometer  was  compared  with  the  astronomical  dock  before 
and  after  the  observation. 

At  8**  30"  the  star  was  perfectly  visible  to  the  naked  eye ;  I 
observed  it  through  the  telescope,  using  different  powers,  but  I 
could  not  find  the  comes. 

At  8**  56"  io''9,  Cadiz  M.T.,  the  immersion  took  place  without 
presenting  any  particular  phenomenon  of  any  kind. 

At  10*"  o"  49'''9  the  emersion  took  place  somewhat  to  the  north 
of  Mare  Crisium;  three  or  more  minutes  before  this  moment 
I  saw  on  the  very  edge  of  the  Moon  one  or  two  very  small  stars, 
which  appeared  and  disappeared  four  or  five  times;  the  undu- 
lations of  the  air  were  very  considerable,  and  I  was  obliged  to 
use  the  lowest  of  the  eyepieces. 

"When  Antares  appeared  it  was  alone,  and  I  could  not  perceive 
the  small  attendant. 

I  am,  Sir,  yours  very  faithfUUy, 

Oadiaj  1879,  July  31.  AtTGUSTO  T.  AbCIMIS. 

Sib,— 

The  occultation  of  Antares  was  seen  here  on  the  night  of 
Monday  the  28th  of  Jime.  The  evening  was  fairly  fine,  but  the  air 
was  tremulous,  and  the  Moon  and  star  were  in  "  a  boil."  At  9. 1 5  we 
took  three  dry  plates,  two  of  Wratten  and  Wainwright's  instan- 
taneous, with  10  seconds  exposure.  Both  these  showed  the  Moon 
and  star  (as  we  considered),  but  a  Kennett  dry  plate  with  longer 
exposure  showed  the  Moon  only  without  the  star. 

With  the  6-in.  Cooke  equatoreal  Mr.  Dowlen  and  myself  made 
the  time  of  disappearance  to  be 

9h  38"  35-  G.M.T. 

Two  friends  at  the  3^in.  Cooke  made  the  time  of  disappearance, 

9'  37"  55*  G.M.T. 
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When  the  star  reappeared,  the  Moon  was  too  low  for  the  equate- 
real;  and  using  the  3^in.  I  saw  the  reappearance  (through  a 
considerable  mist)  at 

io>»  8~  i6*  G.M.T. 

The  emergence  was,  however,  well  seen,  and  the  star  seemed  to 
hang  momentarily  on  the  Moon's  limb.  The  false  rays  were  ex* 
tinguished  by  the  mist,  and  a  disk,  like  a  satellite  of  Jupiter,  was 
viaiUe.  Antares  disappeared  abs^utely  suddenly',  and  without  a 
trace  of  gradual  extinction.  One  of  our  party  saw  the  phenomenon 
plainly  with  the  naked  eye.  The  comes  could  not  at  any  time  be 
aeen.  Definition  of  the  star-spectrum  was  most  imperfect,  and  a 
few  dark  tiiick  lines  in  the  red  only  could  be  traced.  Power  on 
equatoreal,  Browning's  achromatic  B;  on  3|-in.  Cooke,  50  Huy- 
ghenian. 

I  am.  Sir,  yours  faithfully, 
Guildown,  6hiildford,  J.  BaKD  CapbOK.  . 

1879,  Aug.  4. 

[The  occultation  of  Antares  was  observed  by  several  observers 
at  Greenwich.  The  comes  was  very  distinctlv  seen  with  the  Great 
Equatoreal  of  13  inches,  and  less  clearly  with  a  4-inch  Simms  re- 
fractor. With  the  fwmer  the  disappearance  of  the  small  star 
took  place  about  10  seconds  before  that  of  Antares,  its  blue  colour 
being  very  striking  by  contrast  with  the  fiery  red  of  the  large  star. 
At  reappearance  the  star  was  very  low  and  the  comes  was  not 
seen. — En.] 

Sib,— 

This  phenomenon  waa  observed  under  very  favourable  con- 
ditions with  the  3|-in.  achromatic  telescope  of  46  inches  focus. 

Just  before  disappearance  the  image  became  very  quiet,  and  the 
companicm  star  was  dislincUy  seen  with  power  lao.  I  carefully 
kept  the  star  as  near  the  centre  of  the  field  as  possible,  and 
watched  the  approach  of  the  Moon.  I  could  not  see  the  dsurk  limb, 
but  was  soon  made  aware  of  its  existence  by  seeing  the  small  star 
vanish  first,  and  immediately  afterwards  the  great  star  was  snuffed 
out  with  a  suddenness  that  was  quite  startling.  Both  st«rs  were 
beautifnlly  defined  right  up  to  the  Moon's  limb,  and  showed  no 
signs  of  any  clinging  or  distortion  whatever.  At  the  reappearance 
the  star  was  so  low  that  the  companion  could  not  be  seen. 

Thie  small  star  was  discovered  by  Prof.  Mitchell  wilh  a  12-inch 
object-glass  in  1844 ;  but  I  think  the  difliculty  of  seeing  it  is  greatly 
overrated,  for  about  half  an  hour  before  the  occultation  I  could  see 
it  very  well  wit^  power  180,  but  not  with  120,  this  latter  power 
not  separating  it  tar  enough  from  the  blaee  of  the  great  star;  but 
just  before  disappearance,  when  the  Inrightness  of  the  Moon 
gieatly  diminished  this  blaze,  and  save  the  great  star  a  neater 
disk,  120  showed  the  companion  perfectly,  and  its  colour  (greenish 
blue)  was  in  striking  contrast  to  the  deep  orange  of  the  great  star. 

It  is  evident  that  in  those  latitudes  where  Antares  reaches  a 
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considerable  meridian  altitude  the  companion  would  be  quite  an 
easy  object ;  it  is  of  the  7th  magnitude.  Distance  3"'5.  Position- 
angle  273°.  In  this  country  it  is  merely  a  test  of  the  condition 
of  the  atmosphere  and  not  of  the  goodness  or  power  of  the 
telescope.  I  am,  Sir,  yours  faithfully, 

ChABLSB  GSOYEB. 

Sib,— 

I  send  you  a  few  remarks  on  the  late  occultation  of  Antares, 
July  28,  1879,  ^  there  appeared  to  be  something  unusual  in  the 
disappearance  of  the  bright  star. 

Tune  recorded  9^  36"  34'  G.M.T.,  but  the  brightness,  and 
especially  the  distinctness,  of  the  star  altered  very  much  si  seconds 
earlier. 

I  was  using  an  Aiiys  compensating  eyepiece,  which,  in  my  si- 
inch  refractor,  magnified  about  250  times  and  gaye  a  very  fairly 
defined  image. 

I  had  seen  the  companion  very  shortly  before  the  disappearance, 
but  failed  to  notice  its  occultation ;  but  the  bright  star  suddenly 
became  blurred  and  expanded  so  as  to  resemble  in  its  hazy 
character  the  planet  Uranus,  and  greyer  than  before,  and  after 
maintaining  this  appearance  for  more  than  two  seconds  it  &ded 
rapidly,  but  not  instantaneously,  out  of  sight. 

Another  observer,  who  was  using  a  2^inch^telescope  with  magni- 
fying-power  45,  did  not  notice  this  phenomenon.  I  did  not  see  the 
companion  a^r  the  reappearance,  which  was  timed  10^  6"^  23*,  but 
the  star  was  then  very  low. 

Is  this  change  and  gradual  extinction  to  be  accounted  for  by 
hinar  atmosphere,  or  could  it  be,  as  the  appuke  was  very  oblique, 
that  the  star  was  for  a  few  seconds  only  partially  screened  from  us 
by  a  lunar  peak  or  sierra  ? 

ColeliyfleLd,  \^imbledoD,        I  am.  Sir,  your  obedient  servant, 

1879,  ^»g-  8-  F.  C.  PSNBOSB. 

Changes  in  a  Group  of  Solar  Spots. 

SlE,— 

I  beg  to  send  the  following  record  of  changes  in  a  group  of 
solar  spots  as  seen  at  Guildown,  Guildford,  with  a  6-in.  CJooke 
equatoreal  and  low-power  Kellner  eyepiece. 

June  27,  10  A.M.  Clouds  passing  over  Sun;  air  unsteady.  Two 
small  spots  seen;  upper  one  with  simple  nucleus,  lower  one 
nucleus  compound. 

June  28,  1. 10  P.M.  Group  now  seen  to  consist  of  4  large  spots 
and  many  smaller  ones ;  air  unsteady  and  clouds  passing  at  times. 
The  Sev.  T.  Wiltshire  assisted  me  in  sketching,  and  we  thought 
some  of  the  small  spots  changed  in  form  and  development  while 
making  our  drawings. 

June  30,  3.30  P.X.    Air  unsteady,  with  wind  and  light  douds. 
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Nucleus  of  upper  spot  compound;  lower  spot  incomplete  round 
margin,  with  appearance  as  i£  breaking  up  on  one  side.  Groiip 
surrounded  by  not  well-defined  faculaa. 

July  I,  5.25  P.M.  High  wind ;  many  facuke  round  the  group. 
"Kice  grains"  very  distinct,  especially  so  near  group  of  spots. 
Central  spot  faintly  seen,  and  has  a  very  pale  margin.  Lower 
spot  composed  of  two  masses  of  granular-looking  matter  without 
nuclei. 

July  2,  4.5  F.K.  High  wind  and  clouds.  Central  spot  of  yester- 
day shown  only  by  two  minute  dots.  Upper  spot  but  little  changed. 
Lower  granular  matter  now  changed  into  two  spots  with  well-de- 
fijied  nuclei  and  margins. 

July  4,  7.4s  A.M.  But  one  spot  left  with  brilliant  ring  of 
faculss  round  it.  When  the  air  became  steadied,  the  spot  was  found 
bridged  across.     1 1  a.m.  no  change. 

July  5,  7.30  A.M.  Spot  still  visible,  but  reduced  in  size;  ring 
of  fsLCuhd  very  apparent,  but  more  irregular.  Spot  bridged  un- 
equally (yest^erday  it  was  nearly  equally  bisected).  5  p.m.  same 
day :  spot  gone ;  place  occupied  by  a  few  faculae. 

Sun-spots  appear  to  be  becoming  more  frequent ;  but  it  is  not 
often  one  has  the  opportunity  to  witness  the  rise  and  fall  of  a 
group  as  above  described. 

I  am.  Sir,  yours  faithfully, 
Oufldown,  Guildford,  J.  Band  CapBOK. 

1879,  August  4. 

The  Diameter  of  the  Spurious  Disk  of  a  Star, 

SiB,— 

In  regard  to  the  above-named  subject,  I  am  much  punsled 
by  a  difficulty  which  I  hope  to  be  allowed  to  mention  here.    Sir 

Q.  Airy  gives  the  formula  for  the   first  bright  ring,  «=s^-^,  in 

which  "'8  is  the  angular  semidiamoter  of  the  ring  as  viewed  from 
the  centre  of  the  object-glass,"  and  "  e  the  radius  of  the  object- 
glass  expressed  in  inches.  From  this  it  follows  that  the  diameter 
of  the  ring  varies  inversely  as  the  aperture  (which  is  conformable 
to  experience),  and  also  that  with  the  same  aperture  the  diameter 
of  the  first  ring  is  the  same  for  all  stars. 

This  seems  to  be  the  basis  of  Mr.  Knotf  s  very  interesting  and 
ingenious  paper  in  No.  4  of  the  *  Observatory.' 

Now,  Sir  J.  Herschel,  in  his  article  "  Light**  in  the  *  Encyclo- 
psedia  Metropolitana,'  has  the  following  passage,  which  I  hope  to 
be  allowed  to  quote  in  its  entirety,  both  on  account  of  its  intrinsic 
interest,  and  ^so  because  the  nature  of  the  work  in  which  it  is 
contained  renders  it  not  generally  accessible.  Speaking  of  the 
spurious  disks  of  stars,  he  says : — "  These  disks  were  first  noticed 
by  Sir  William  Herschel,  who  first  applied  isuffidenth"  high  mag- 
nifying-powers  to  telescopes  to  render  them  visible.  They  are  not 
the  real  bodies  of  l^e  stars,  which  are  infinitely  too  remote  to  be 
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ever  visible  with  any  magnifiers  we  can  apply,  but  spurious  or 
unreal  images,  resulting  &om  optical  causes  which  are  still  to  a 
certain  degree  obscure.  It  is  evident,  indeed,  to  any  one  who  has 
entered  into  what  we  have  said  of  the  law  of  interferences,  and 
from  the  explanation  given  in  Art.  590  and  591  of  the  formation 
of  fod  on  the  undulatory  system,  that  (supposing  the  mirror  or 
object-glass  rigorously  a.planatic)  the  focal  point  in  the  axis  will 
be  agitated  with  the  united  undulations,  in  complete  accordance, 
from  every  part  of  the  surface,  and  must,  of  course,  appear  in- 
tensely luminous ;  but  that  as  we  recede  from  the  focus  in  any 
direction  in  a  plane  at  right  angles  to  the  axis,  this  accordance  will 
no  longer  take  place,  but  the  rays  from  one  side  of  the  object-glass 
will  begin  to  interfere  with  and  destroy  those  from  the  other,  so 
that  at  a  certain  distance  the  opposition  will  be  total,  and  a  dark 
ring  will  arise,  which,  for  the  same  reason,  will  be  succeeded  by  a 
bri|nt  one,  and  so  on.  Thus  the  oridn  both  of  the  central  disk 
and  the  rings  is  obvious,  though  to  calculate  their  magnitude  from 
the  data  may  be  difficult.  But  this  gives  no  account  of  one  of  the 
most  remarkable  peculiarities  in  this  phenomenon,  viz,  that  the  ap- 
parent size  of  the  disk  is  different  for  different  stars,  being  uni- 
lormly  larger  the  brighter  the  star. 

'*  This  cannot  be  a  mere  illusion  of  judgment ;  because  when  two 
unequally  bright  stars  are  seen  at  once,  as  in  the  case  of  a  close 
double  star,  so  as  to  be  directly  compared,  the  inequality  of  their 
spurious  diameters  is  striking ;  nor  can  it  be  owing  to  any  real 
difference  in  the  stars,  as  the  intervention  of  a  cloud,  which  reduces 
their  brightness,  reduces  also  their  apparent  disks  tUl  they  become 
mere  points."    ("  Light,''  paragraph  767.) 

Bigel  and  its  companion,  seen  with  a  first-rate  object-glass,  is  a 
striking  illustration  of  the  above  fact. 

Now  I  wish  to  speak  with  great  deference  and  submission  on 
80  recondite  a  subiect ;  but  it  certainly  does  seem  to  me  that  the 
above  theoretical  formula  does  not  here  represent  the  facts  of  the 
(;ase,  as  in  different  stars  the  diameter  of  the  spurious  disk  and 
ring  seems  to  be  a  function,  not  only  of  the  aperture,  but  also,  in 
some  unexplained  manner,  of  the  relative  light  of  those  stars;  con- 
ventionally termed  their  magnitudes.  I  should  feel  particularly 
obliged  by  any  remarks  which  your  able  correspondents  may  be 
inclmed  to  make  on  the  subject. 

I  am,  Sir,  yours  faithfully, 
Hopefield,  West  Dulwich,  S.B.,  Geobge  Hukt. 

1879,  Auguek  5. 

[We  think  that  the  variation  in  the  size  of  the  spurious  disk  ac- 
oording  to  the  brightness  of  the  star  may  be  explained  by  the  circum- 
stance that,  according  to  the  Undulatory  Theory,  the  light  fades 
away  gradually  from  the  central  point  outwards  to  the  first  dark 
ring,  and  that  with  the  fainter  stars  it  is  only  the  central  portion 
which  is  sufficiently  bright  to  produce  a  sensible  impression.    Sir 
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O.  Airj  has  not  given  the  diameter  of  the  spurious  disk,  but  that 
of  the  first  dark  ring,  which  is  its  extreme  lunit.  With  regard  to 
the  first  bright  ring,  its  diameter  is  theoretically  the  same  for  stars 
of  all  degrees  of  brightness,  and  we  believe  that  this  conclusion  is 
in  accordance  with  such  observations  as  we  have.  In  the  case  of 
verj  bright  stars  the  imperfection  of  the  telescope  and  the  tremors 
of  the  air  frequently  confuse  the  central  disk  and  the  first  and 
second  bright  rings  in  one  mass  of  light ;  but  there  is  nothing  in 
this  to  invalidate  the  theoretical  conclusion. — ^En.j 


NOTES. 

Fall  op  a  Metbobite  ok  thb  ioth  of  Mat,  in  Iowa*. — 
Professor  8.  F.  Feckham  writes  from  Minneapolis,  May  29, 1879 : — 
I  have  the  pleasure  of  informing  you  that  on  the  loth  of  May  a 
meteor  exploded,  and  fell  in  full  daylight,  at  5  p.m.,  at  Esterville, 
Emmet  Cbunty,  Iowa.  One  of  the  fragments,  weighing  about 
500  pounds,  fell  on  railroad  land  and  was  dug  up  from  a  depth  of 
fourteen  feet,  in  a  stiff  clay  soil.  Another  smaller  portion,  weighing 
about  170  pounds,  fell  on  the  farm  of  A.  A.  Fingrey,  at  a  distance 
of  two  miles  from  the  first.  Many  smaller  pieces,  of  a  few  ounces 
or  piounds  weight,  were  scattered  in  the  vicinity.  The  smaller 
mass  fell  upon  a  dry  knoU,  and  penetrated  the  earth  vertically  to 
a  depth  of  4}  feet.  The  fall  was  accompanied  by  a  noise,  described 
as  a  continuous  roll  of  thunder,  accompanied  by  a  crackling  sound. 

Through  the  efforts  of  Frofessor  E.  J.  l^ompson  of  our  Faculty, 
tiie  smaller  mass  has  been  obtained  ior  the  University  cabinet.  It 
is  irregularly  square  in  form,  about  15  x  18  inches,  and  of  an 
average  thickness  of  six  inches. 

A  preliminary  chemical  examination  shows  the  metallic  portion 
to  consist  of  an  alloy  of  iron,  nickel,  and  tin.  Full  half  the  mass 
consists  of  stony  matter,  which  appears  in  dark-green  crystalline 
masses,  embedded  in  a  light-grey  matrix.  When  the  whole  is 
powdered,  a  violent  reaction  ensues  cm  the  addition  of  hydro- 
chloric add,  which  is  increased  on  boiling.  The  boiling  acid 
appeared  to  dissolve  all  but  the  grey  matrix,  abundance  of  iron 
passing  into  solution.  Some  of  the  crystalline  masses  are  two 
inches  in  thickness,  and  exhibit  distinct  monoclinic  cleavage.  Under 
the  microscope  in  thin  sections,  olivine  and  a  triclinie  felspar 
appear  to  be  embedded  in  a  matrix  of  pyroxene.  This  work  is  in 
t£e  hands  of  Frofessor  C.  W.  Hall,  of  the  University,  who  intends 
to  make  a  very  thorough  investigation  of  the  optical  properties  of 
tiie  minerals  and  matrix. 

The  chemical  examination  was  first  attempted  upon  a  very  small 
quantity  of  material,  but,  now  that  we  have  an  ample  quantity,  a 
complete  analysis  of  the  several  minerals  and  the  alloy  will  be 

*  Amer.  Joum.  1879,  July. 
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made.    A  small  piece  of  the  metal,  polished  and  etched,  exhibited 
the  Widmanstattian  figures  very  finely. 

The  larger  mass  is  still  in  the  hands  of  those  who  dug  it  from 
the  ground,  although  their  ownership  is  contested  by  one  who 
clsdms  to  have  contracted  for  the  land  on  which  it  fell.  Their  idea 
regarding  its  value  enlarge  daily,  the  latest  announcement  being, 
that  they  should  feel  insulted  at  an  ofEer  of  S5000.  We  trust  their 
teelings  may  be  spared. 

The  Steassbxtbg  Obseevatobt. — Dr.  Winnecke's  Eeport  for 
1878  has  been  published  in  the  *  Vierteljahrsschrift  der  Astron, 
Gesellsch .'  With  the  6-inch  orbit-sweeper  118  observation  s  of  nebuhe 
were  made,  and  a  very  marked  periodic  variation  of  brightness  was 
established  in  the  case  of  one  nebula,  h  882,  and  also  probably 
in  that  of  another,  h  1061.  The  observations  of  Nova  Cygni  were 
concluded  on  Dec.  28,  when  the  star  was  of  about  12  mag.  Some 
measures  of  double  stars  were  made,  and  in  particular  a  relative 

Sarallaz  o"*2  was  found  for  the  brighter  component  of  the  optical 
ouble  2  1 5 16.  This  star  is  of  7-8  mag.,  and  has  a  proper  motion 
of  o"'4.  Maxima  and  minima  of  a  number  of  double  stars  were 
observed,  and  the  minima  of  Algol  were  found  to  differ  considerably 
from  the  ephemeris.  TempeVs  periodical  comet  1873  was  observed 
several  times  with  the  orbit-sweeper,  and  some  meridian  obser- 
vations of  the  Moon  and  planets  were  made. 

The  series  of  observations  of  the  Sun's  diameter  with  the  helio- 
meter  commenced  in  the  previous  year  was  continued,  and  a 
number  of  miscellaneous  phenomena  were  observed.  The  building 
of  the  new  Observatory  is  proceeding ;  and  the  new  transit-circle, 
altazimuth,  and  orbit-sweeper  will  be  erected  there  in  the  present 
year,  1879. 


Sib  Thomas  Macleab,  formerly  her  Majesty's  Astronomer  at  the 
Gape,  died  at  Mowbray,  near  Cape  Town,  on  July  14,  in  his  eighty- 
fifth  year.  He  was  bom  in  the  county  of  Tyrone,  Ii-eland,  and 
educated  at  Winchester.  Following  the  medical  profession,  he 
settled  at  Biggleswade,  where  he  erected  a  small  observatory, 
furnished  with  the  Wollaston  telescope  of  the  E.  A.  S.;  here  he 
took  a  considerable  interest  in  the  observation  of  occultations  and 
occasional  astronomical  phenomena.  On  the  return  of  Mr. 
Henderson  from  the  Cape  in  1834,  Mr.  Maclear  was  appointed 
Her  Majesty's  Astronomer  in  that  Colony,  an  oflBce  which  he  held 
till  his  resignation  in  1 870.  During  his  direction  of  the  observatory 
a  large  number  of  observations  were  made,  though  only  a  por- 
tion of  them  has  been  reduced  and  published.  The  most  important 
undertaking  carried  out  by  Sir  Thomas  Maclear  was  the  verification 
of  Lacaille's  arc  of  meridian,  the  details  of  which  were  published  in 
1866  in  two  quarto  volumes.    For  this  work  Sir  Thomas  was  awar- 
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ded  the  Lalande  Medal  of  the  Academy  o£  Sciences  of  Paria,  of 
which  he  was,  since  1863,  ^  corresponding  member. 

The  death  of  Professor  LAicoirr,  at  the  age  of  seventj-foor,  has 
also  been  announced.  This  distinguished  astronomer  and  physicist 
was  Director  of  the  Munich  Observatory,  to  which  he  was  appointed 
in  1835.  ^^  ^^  o^^  ^^  ^^^  greatest  authorities  in  modern  terres- 
trial magnetism ;  and  soon  after  his  appointment  to  the  Observatory 
he  inaugurated  a  regular  system  of  magnetic  observations,  the 
success  of  which  led  to  the  establishment  of  magnetic  observatories 
in  different  parts  of  the  globe.  In  astronomy,  Prof.  Lament  has 
done  most  excellent  service  by  the  publication  of  zone-catalogues 
of  small  stars  between  15°  north  and  15°  south  of  the  equa^r, 
supplementing  the  more  extensive  zone  observations  of  Ai^gelander 
and  Bessel.  From  a  comparison  of  the  reduced  places  with  those 
of  corresponding  stars  in  other  catalogues,  they  have  been  found 
to  be  very  accordant.    Prof.  Lament  was  a  Scotchman  by  birth. 

The  object  detected  by  Dr.  Peters  on  July  17,  at  first  supposed 
to  be  a  new  planet,  has  turned  out  to  be  Frigga,  No.  77,  which  for 
many  years  had  escaped  observation.  The  minor  planet  discovered 
by  Dr.  Peters  on  July  27  therefore  becomes  200,  and  not  20T  as 
recorded  in  the  last  N®. 

A  NBW  minor  planet.  No.  201,  was  discovered  by  Herr  Palisa  at 
Pola  on  the  evenmg  of  August  7. 

A  TELESCOPIC  comet  was  discovered  on  August  21  by  Herr 
Palisa,  in  B.A.  lo*"  2"*  and  Decl.  49°  6'  N.,  its  SmIj  motion  being 
+6"  in  E.A.  and  —3'  in  Ded.  The  comet  is  round  and  tolerably 
bright. 

Ok  August  24,  Dr.  Hartwig  discovered,  at  Strassburg,  a  faint 
comet  in  KA.  12^  19°"  and  Decl.  N.  61°  2'.  Motion  towards  the 
soutii-east.  £h)iTOB. 


Astronomical  Memoranda,  1879,  October. 

Sun.  Oct.  I,  sets  5**38",rises  i8*»4™;  Oct.  31,  sets 4^ 34*  rises 
i8»»  S5» 

Equation  of  time: — Sun  before  clock,  Oct.  i,  10"  16*5  Oct.  11, 
13"  ID";  Oct.  21,  15"^  15";  Oct.  31,  16"  i6«. 

Sidereal  Time  at  Mean  Noon : — Oct.  i,  12''  39"'4;  Oct.  11, 13** 
i8"-8  ;  Oct.  21,  13^  58"-2  ;  Oct.  31,  i4»»  37"'7. 

Moon.  Last  Quarter,  Oct.  8,  i*»  43";  New,  Oct.  15,  3*»  9"; 
First  Quarter,  Oct.  21,  i8»»  iS"*;  Full,  Oct.  29,  i4»»  io» 

Occultations : — Oct.  i,  ii*»  17"  loi  Piscium  Oc.  E.  300°;  Oct. 
4,  1 1*"  39""  36  Tauri  Oc.  E.  273°;  Oct.  5,  i2»»  19"  k  Tauri  Oc.  E. 
304° ;  Oct.  7,  16^  29"*  B.A.C.  2238  Oc.  E.  220°,  Oct.  11,  ij^  35- 
B.A.C.  3529  Oc.  E.  198°;  Oct.  20,  7^46"»B.A.C.  6369  Oc.  D. 
53°;  Oct.  24,  7*»  i2'*aAquarii  Oc.  D.  141°,  8*»27"  0  Aquani  Oc.  E. 
287°;  Oct.  30,  n**  13"  e  Arietis  Oc.  D.  180°,  1 1**  43"  e  Arietis 
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Oc.  E.  224^.  The  angles  at  disappearance  (D.)  and  reappearance 
(B.)  are  reckoned  from  the  aj[>parent  N.  point  towards  the  right 
hand  round  the  Moon's  circumferenoe  as  seen  in  an  inverting 
telescope. 

Mercury  is  in  superior  conjunction  on  Oct.  5,  after  which  he  is 
an  evening  star  setting  shortly  after  the  Sun. 

Vernis  is  a  morning  star,  stationary  on  Oct.  12  and  at  greatest 
brilliancy  on  Oct.  30.  The  illuminated  portion  of  the  disk  is  0*026 
on  Sept.  15  and  0*130  on  Oct.  15,  and  the  corresponding  diameters 
56"'7  and  48"'9  respectively. 

Oct.  I,  E.A.  11**  34"-2  Dec.  5°  34'  S.,  tr.  22*"  50",  rises  17^  13". 
Oct.  31,  II  47  '4  o    15  S.,       218  15     7 

Mara  is  visible  all  night,  nearly  stationary  in  Taurus.  His 
diame^ris  i9"'6  on  Oct.  i  and  23  •©  on  Oct.  31. 

Oct.  I,  E.A.  3^  47»-i,  Dec.  18°  6'  N.,  tr.  15^  5-. 
Oct.  31,        3  29  -o,  18  23  N.,        12   48 

JujpUer  is  an  evening  star  nearly  stationary  in  Aquarius.    His 
diamdtw  is  44"'9  on  Oct.  i  and  4i"'3  on  Oct.  31. 
Oct.  I,  E.A.  22^  26"-i,  Dec.  ii**  18'  S.,  tr.  9**  45"  sets  14**  50". 
Oct.  31,         22    21  '2,  II    41  S.,       7   42  ,         12    46 

Jupiter^s  Satdlites i—Oct.  i,  6^  44"  i.  Ec.  E.;  Oct.  2,  S**  17" 
ii.  Ec.  E.,  10^  39"  iii.  Oc.  D. ;  Oct.  7,  S^  11"  i.  Tr.  I.,  io>»  30"  i. 
Tr.  E.,  i2»»  o»  ii.  Tr.  I. ;  Oct.  8, 6^  36"  iv.  Oc.  D.,  8»»  40-  i.  Ee.  E., 
io>»  s6»  iv.  Oc.  E.;  Oct.  9,  6^  15™  ii.  Oc.  D.,  10^  53™  ii.  Ec.  E.; 
Oct.  13,  7*»3i"'  iii.  Tr.  B.,  i2>»  50"*  i.  Oc.  D.;  Oct.  14,  9**  59"  i. 
Tr.  L ;  Oct.  15,  ^^  17™  i.  Oc.  D. ;  Oct.  16,  6^  45"  i.  Tr.  B.,  8^ 
37-  ii.  Oc.  D. ;  Oct.  17,  6^  i3'»  iv.  Sh.  E. ;  Oct.  18,  6^  29"  ii.  Tr. 
B. ;  Oct.  20,  7*^  32"  iii.  Tr.  I.,  1 1^  7"»  iii.  Tr.  E. ;  Oct.  21,  ii*»  48" 
i.  Tr.  I.;  Oct.  22,  g^  6"  i.  Oc.  D.;  Oct.  23,  6^  15"  i.  Tr.  I.,  8»»  34- 
i.  Tr.  B.,  ii»»o*  ii.  Oc.  D.,  Oct.  24,  7»»  o™  i.  Ec.  E. ;  Oct.  25,  6^  3"' 
ii.  Tr.  I.,  S^  55»ii.  Tr.  E.,  9»»  34"  iv.  Ec.  D.;  Oct.  27,  ii'»i2» 
iii.  Tr.  I. ;  Oct.  29,  io»»  57"  i.  Oc.  D. ;  Oct.  30,  S^  5™  i.  Tr.  L, 
10^  25"  i.  Tr.  E.;  Oct.  31,  s^  25"  i.  Oc.  D.,  6^  4"  iii.  Ec.  D.,  8'' 
55"  i.  Be.  E.,  9*»  22"  iii.  Ec.  E. 

Saturn  is  in  Pisces,  in  opposition  on  Oct.  5. 

Oct.  I,  E.A.  6^  5o""-9,  Dec.  2°  30'  N.,  tr.  12^  9". 
Oct.  31,         o  42  -6,  I    39  N.,      10    3 

Oater  Bing.  Inner  Bing.  Ball. 

Maj.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Diam. 

Oct.    7...  44"-5i         6"76         29"-6o        4"-5o       J7"-8 

Oct.  27...  44"-i4         6"-22         29"-35         4"-i3       x7"-6 

The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 

above  their  plane  being  8°  44'  S.  on  Oct.  7  and  8°  6'  S.  on  Oct. 

27,  and  <rf  the  Sun  9°  4'  S.  and  9®  22' 


Neptune  is  in  Aries,  approaching  opposition. 

Oct.    I,  E.A.  2^  38"»-7,  Dec.  13°  zd!  N.,  tr. 


13**  57". 


Oct.  31,  2    35  '4,  13   17  N.,       II    56 

&ITOH. 
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THE   OBSERVATORY, 

A  MONTHLY   REVIEW    OF  ASTRONOMY. 

No.  80.  OCTOBER  1.  1879. 

Spectroscopic  Observations  of  Meteors. 

I  OB8SBTID  ^th  the  spectroaoope  on  July  26  and  28  a  number 
of  meteors  which  have  given  me  the  following  results : — ^The  nud^ 
nearly  always  exhibit  a  continuous  spectrum,  and  the  trains  a  dis- 
continaous ;  but  there  are  also  exceptions,  the  trains  giving  occa- 
sional^ a  continuous  spectrum.  In  the  majority  ihe  brightest  line 
of  sodiom  can  be  distinguished ;  but  there  are  many  of  the  trains  in 
whi<^  nothing  but  a  continuous  spectrum  can  be  seen. 

I  think  this  may  arise  from  a  great  difference  in  the  height  of 
the  different  meteors,  and  that  me  spectrum  does  not  show  the 
Bodiiun-Hne  when  the  meteor  becomes  incandescent  at  a  great 
hei^t,  whilst  this  line  is  alwajp  found  in  the  spectrum  of  a  meteor 
which  moves  at  a  moderate  height.  In  fact  I  should  attribute  the 
sodium  not  to  the  meteor  itself,  but  rather  to  our  atmosphere.  It 
is  certain  that  in  the  hi^h  regions  the  atmosphere  contains  little  or 
no  sodium,  whilst  in  the  lower  regions  ^it  contains  enough  to  be 
visible  in  the  spectroscope;  so  that  the  presence  of  the  sodium 
line  in  the  spectrum  of  meteors  would  be  aue  to  the  incandescence 
of  the  air  itself  compressed  by  the  meteor. 

I  have  abo  found  in  the  spectrum  of  some  of  the  July  meteors 
a  red  line ;  and  although  I  have  not  been  able  to  perceive  any  blue 
line,  I  can  attribute  this  red  line  to  nothing  but  potassium,  the  blue 
line  being  invisible  on  account  of  its  faintness. 

On  August  12,  13,  and  14, 1  also  observed  a  number  of  meteors 
with  the  spectroscope,.amoi^8t  others  on  ihei2ihtk  yellow  firebEdl 
with  a  fine  train,  which  came  directly  from  the  Perseid  radiant. 
In  the  head  of  this  meteor  the  lines  of  lithium  were  clearly  seen  by 
the  side  of  the  sodium  line.  Three  seconds  later  I  observed  another 
meteor  of  the  second  magnitude;  but,  notwithstanding  its  bright- 
ness, I  could  not  find  any  trace  of  lines. 

On  August  13,  at  lo'^  46°^  10*,  I  observed  in  the  north-east  a 
magnificent  fireb«dl  of  emerald-green  colour,  as  bright  as  Jupiter, 
wira  a  very  slow  motion.    The  nucleus  at  the  first  moment  only 
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showed  a  very  bri^t  continuous  spectrum  with  the  sodium  line ; 
but  a  second  after  I  perceived  the  magnesium  line,  and  I  think  I 
am  not  mistaken  in  saying  those  of  copper  also.  Besides  that,  the 
spectrum  showed  two  very  faint  red  lines. 

On  August  14  also  I  observed  seTeral  meteors  with  the  spectro- 
scope ;  but  I  only  found  one  in  which  I  could  see  a  laint  red  line 
by  the  side  of  the  sodium  line. 

Besides  these  spectroscopic  obserrationB,  Captain  Charles  de  Be- 
vicsky  observed  on  July  26,  at  1 1^  48"  O'-GyaUa  M.T.,  a  stationary 
meteor  of  the  third  magnitude  in  E.A.  2^  o",  Dec.  +29®  o'. 

On  Au^t  II,  9**  47"  i»  O -Gyalla  M.T.,  my  assistant,  M.  J. 
Bosenzweig,  also  observed  a  stationary  meteor  of  the  third  magni- 
tude in  B.A.  2^  14",  Dec.  +55°  18'. 

We  have  registered  the  positions  of  meteors  of  the  July  and 
August  showers  on  the  following  dates;— July  25,  72  meteors; 
July  26,  87  meteors;  July  28,  26  meteors;  August  11,  no  me- 
teors; August  12,  50  meteors;  August  13,  50  meteors;  August 
i4>  35  meteors. 

I  defer  publishing  the  positions  of  these  meteors  till  the  radiants 
have  been  calculated.  N.  db  Kokkolt. 

O'-Gyalla  Observatory,  Hungary. 


On  Meteoric  Fireballs  seen  in  the  United  States  during  the 
year  ending  March  31,  1879*. 

The  following  paper  does  not  claim  to  present  a  complete  list  of 
the  fireballs  which  have  appeared  in  our  entire  country  during  the 
last  twelve  months.  It  includes,  however,  all  that  have  been 
brought  to  the  writer's  notice.  Of  those  described,  only  three  can 
be  certainlv  classed  as  detonating  meteors,  and  in  no  case  has  an 
explosion  been  followed  by  a  f aU  of  meteoric  stones ;  at  least,  no 
aerolites  have  been  actually  discovered. 

(i)  1878,  June  3,  2**  59",  A.M. — This  meteor,  observed  at  Chi- 
cago by  Prof.  E.  Colbert,  was  about  equal  in  apparent  magnitude 
to  the  moon  at  four  days  old.  Its  course  was  from  near  the  zenith 
to  a  point  about  4°  above  ft  Cassiopeiee.  Near  a  Cassiopeia  it  ex- 
ploded into  seven  or  eight  fragments  t. 

(2)  1878,  June  6,  9*»  25™  (local  time). — On  the  evening  of  June  6 
Mr.  George  H.  E.  Trouvelot  at  Cambridge,  Mass.,  saw  a  very 
large  meteor  which  passed  directly  over  o  ursaB  Majoris,  and  dis- 
appeared just  below  rj  in  the  same  constellation.    It  was  pear- 

*  Bead  before  the  Amerioan  Philosophical  Society,  May  2,  1879. 
t  Letter  from  Prof.  E.  Oolbert,  dated  Jime  3,  1878.    See  alao  the  *ScieQ0e 
Observer '  tor  July  1878,  p.  3. 
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shaped,  the  greatest  and  least  diameters  being  in  the  ratio  of  4  to 
3 ;  and  it  left  behind  it  a  km^  bright  train.  About  three  or  four 
seconds  after  its  appearance  it  burst  into  fire  or  six  fragments, 
each  of  which  assumed  the  same  form  as  the  original  meteor. 
**  The  preceding  portion  was  of  a  crimsoa-red  hoe,  quite  brilliant, 
and  not  dissim^  to  the  strontian  flame.  The  fcdlowing  portion 
was  of  a  bluish-yiolet  odour,  which  merged  into  that  of  the  trail. 
This  latter  was  composed  of  globules,  ^bch  succeeding  following 
one  being  of  a  more  and  more  subdued  violet,  and  finallj  not  dis-* 
tinguishable  from  the  colour  of  the  sky***. 

(3)  1878,  August  II,  10^  lo"  (Indianapolis  time). — ^A  few 
minutes  alter  10  o'clock  on  Sunday  eyening,  Aug.  11,  the  Bev. 
John  A.  Bower,  of  Bloomington,  Indiana,  saw  a  laurge  meteor  near 
the  eastern  honzon.  Mr.  Bower  had  just  taken  a  position  facing 
an  eastern  window.  The  meteor  when  nrst  seen  was  almost  ezactiy 
east  of  Bloomington,  perhaps  two  or  three  degrees  south  of  east, 
and  10^  above  the  horizon.  Its  motion  was  from  south  to  north, 
and  the  length  of  its  apparent  track  was  20° or  25°.  The  first  half 
of  its  course  was  but  siightlj  indined  to  the  earth's  sui&ce ;  the 
inclination,  however,  became  sensibly  greater  towards  the  point  of 
disappearance,  which  was  N.  about  7o^£.,  and  very  near  tiie  hori- 
zon. The  apparent  diameter  of  the  meteor  was  about  one  third 
that  of  the  Moon.  The  motion  was  extremely  rapid,  the  time  of 
flight  not  exceeding  two  seconds.  No  detonation  was  heard  at 
Bloomington,  nor  was  the  meteor  seen  to  separate  into  fragments 
at  the  time  of  disappearance. 

The  observations  of  Mr.  Bower  were  given  me  verbally.  To 
verify  their  accuracy  I  placed  myself  in  the  position  which  he  oc- 
cupied, and  had  him  point  out  the  meteor's  course  as  he  had  seen 
it.  The  foregoing  statement,  I  am  satisfied,  must  be  very  nearly 
correct,  except  as  to  the  time  of  flight,  which  is  admitted  by  the 
observer  to  he  very  uncertain. 

The  same  meteor  is  supposed  to  be  described  in  the  following 
telegrams  which  appeared  in  the  newspapers  of  the  next  Tuesday 
morning: — " TitusTifle,  Crawford  Co.,  Pa.,  August  12.  A  beauti- 
ful meteoric  display  was  witnessed  from  here  last  evening.  The 
meteor  made  its  appearance  in  the  west  at  10.30,  moving  in  a  nor- 
therly direction.  It  was  of  a  greenish  colour,  and  shone  with 
great  brilliancy,  lighting  up  the  entire  surrounding  country  with  a 
fight  that  for  the  time  prevailed  over  that  of  the  full  Moon.  Its 
appearance  was  only  momentary,  when  it  burst  and  divided  into 
three  fragments,  two  of  which  assumed  a  reddish  colour.  Calcula- 
ting from  the  time  the  explosion  was  seen  until  it  was  heard,  the 
meteor  was  about  25  miles  distant."  "Oil  City,  Venango  Co., 
Pa.,  August  12.  A  meteor  of  unusual  brilliancy  passed  here  last 
evening  a  few  minutes  after  10  o'clock.  It  was  nearly  twice  the 
size  of  a  cannon-ball.    Its  course  was  north." 

*  *Soiezioe  Obeerrer,'  June  187S. 
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All  accounts  agree  that  the  meteor's  course  was  northward.  It 
was  seen  to  the  west  of  Titusrille ;  and  as  the  final  e^losion  oc- 
curred about  25  miles  from  that  city,  we  may  conclude  that  the 
track  terminated  over  Crawford  County,  Pa.  The  observations  at 
Bloomington,  Indiana,  indicate  that  the  body  first  became  visible 
oyer  West  Virginia.  The  distance  directly  east  from  Bloomington 
to  the  meridian  which  bounds  Yerango  County,  Pa.,  on  the  west, 
is  348  miles.  Hence  the  meteor^s  altitude  when  first  seen  waa 
about  77  miles.  This,  it  must  be  admitted,  is  somewhat  uncertain ; 
but  we  may  safely  conclude  that  it  was  not  less  than  70  miles  nor 
more  than  85.  The  length  of  the  visible  track  was  between  160 
and  175  miles.  The  estimated  time  of  flight  was  probably  too 
short;  but  the  great  velocity  appears  to  indicate  a  hyperbolic  orbit. 

(4)  1878,  September  16,  9**  o",  p.m. — ^This  meteor  was  observed 
by  Mr.  Benjamin  Vail,  of  Henryville,  Clark  County,  Indiana.  It 
was  first  seen  near  y  Urssa  Majoris,  and  it  passed  over  ^  in  the 
same  constellation.  Its  apparent  diameter  was  about  one  fourth 
or  one  fifth  that  of  the  Moon*. 

(5)  1878,  November  12,  7**  o"*,  p.ic.  (local  time). — ^Washington, 
In<Uana.  Mr.  D.  Eckley  Hunter,  Principal  of  the  High  School,  of 
Washington,  Daviess  County,  Indiana,  was,  with  several  of  his 
students,  watching  for  shooting-stars  on  the  evening  of  November 
12,  when,  precisely  as  the  town  clock  was  striking  seven,  a  large 
fireball  appeared  very  close  to  Vega,  passed  in  a  southerly  direction 
through  the  Milky  Way,  and  disappeared  about  20°  N.W.of  Jupiter. 
Its  motion  was  very  slow,  the  time  of  visibility  being  estimated  by 
Mr.  Hunter  at  10  seconds.  Its  apparent  diameter  was  about  two 
thirds  that  of  the  Moon.  What  struck  Mr.  Hunter  as  especially 
remarkable  was  the  sharply  defined  disk  which  the  meteor  pre- 
sented up  almost  to  the  very  moment  of  its  disappearance  t. 

(6)  1878,  November  14,  3**  30",  p.m. — In  the  New  York  semi- 
weekly  'Tribune'  of  December  10,  1878,  Mr.  Thomas  Whitaker, 
of  Hillside  Farm,  Mass.,  reports  the  appearance  of  this  brilliant 
meteor  as  observed  by  himself.  The  sky  was  very  clear  at  the  time, 
and  the  meteor  was  seen  in  bright  sunshine.  It  was  due  south 
from  the  place  of  observation. 

(7)  1878,  December  30. — Af  few  minutes  before  7  o'clock  (In- 
dianapolis time)  on  the  evening  of  December  30,  1878,  a  large 
meteor  was  seen  in  Indiana,  Ohio,  and  Pennsylvania.  So  far, 
however,  as  kno\^'n  to  the  writer,  the  only  observations  sufficiently 
precise  to  be  available  in  determining  the  height  and  direction  of  its 
path  were  made  at  Anderson,  Madison  County,  Indiana;  Washing- 
ton, Washington  County,  Pa. ;  and  Wooster,  Wayne  County,  Ohio. 

Anderson,  Indiana,  lat.  40°  5',  long.  8°  28'  W. — The  observations 
at  Anderson  were  made  by  Mr.  Frederick  E.  Dickinson,  a  member 
of  the  Senior  Class  in  Indiana  University  J.    Mr.  Dickinson  was 

*  Letter  from  Mr.  Vail.  t  Letter  from  Mr.  D.  E.  Hunter. 

I  The  meteor  was  seen  by  others  in  Indiana ;  bat  the  descriptions  given  were 
nothing  more  than  vague  guesses  in  regard  to  its  size  and  general  direction. 
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in  the  street,  walking  eastward,  when  the  meteor  appeared  in  front 
of  him  a  few  degrees  N,  of  E.  at  analtitude  of  not  less  than  15°  nor 
more  than  17°.  As  the  meteor  passed  behind  a  building,  the  point 
of  disappearance  could  not  be  determined.  The  apparent  diameter 
was  one  fourth  that  of  the  Moon,  and  the  time  of  flight  was  esti- 
mated at  two  seconds,  or  probably  a  fraction  less. 

Washington,  Pa.,  lat.  40°  10',  long.  3°  12'  W. — ^The  phenome-. 
non  as  seen  in  Washington  is  described  in  the  following  letter  from 
the  Professor  of  Mathematics  in  Washington  and  Jefferson  Col- 
lege:— 

<<  Waahington,  Pa.,  Fehruary  1,  1879. 

**  DxAB  Sm, — ^The  fact  of  the  appearance  of  a  meteor  here  some 
time  ago  may  be  of  interest  to  you.  I  set  down  the  facts  as  I 
learned  them  at  the  time,  and  intended  to  hare  written  you  sooner. 
About  7  P.M.,  Washington,  Pa.,  time,  December  30th,  a  brilliant 
meteor  was  seen  here.  The  account  which  I  have  was  given  me 
by  a  young  man,  Mr.  A.  M.  Gow,  Jun.,  who  has  given  me,  I  have 
no  doubt,  a  very  fair  statement  of  what  was  to  be  seen  at  that 
time.  He  was  walking  eastward  on  the  south  side  of  the  street, 
so  that  he  was  in  the  shade  of  the  buildings,  the  moon  shining 
brightly  at  the  time.  Suddenly  a  light  shone  about  him  as  if  an 
adojticnial  lamp  had  been  lighted  close  behind  him.  He  did  not 
turn  immediately  to  look,  but  when  he  did  he  saw  a  meteor  about 
the  size  of  the  Moon  as  he  thought  by  comparing  his  impression 
with  the  half-full  Moon  immediately  afterwards.  It  was  of  a 
slightly  greenish  colour;  but  just  as  it  disappeared  it  became  reddish. 
The  place  in  which  he  saw  it,  as  far  as  I  can  ]udge,  was  about  a  Cygni, 
and  the  place  of  its  disappearance  was  about  a  LyrsB.  If  so,  you 
see  its  course  was  W.N.  W .,  and  it  was  observed  through  24°  of  its 

Sth.     The  meteor  had  been  visible  a  little  time,  however,  before 
r.  Gow  turned  to  look.    It  was  seen  by  three  others  here  that 
I  know  of. 

**  Tours  truly, 
"  Prof.  B.  Kirhwoodr  "  D.  J.  M'Adah.'* 

Observationa  at  Wooster,  lat.  40°  50'  N.,  long.  4°  56'  TT.— Pro- 
fessor SamuelJ.  Kirkwood,  of  Wooster  University,  had  a  good  view 
of  the  meteor,  which  he  desmbes  as  the  most  brilliant  he  has  ever 
seen.  It  was  greatly  elongated,  and  the  apparent  diameter  at  right 
angles  to  its  path  was  haB  that  of  the  Moon.  The  point  of  the 
meteor's  first  appearance  and  also  the  first  part  of  its  track  were 
accurately  observed  through  large  tree-tops*.  Prof.  Kirkwood 
gives  the  following  angles  as  the  result  of  careful  measmrement  with 
a  surveyor's  transit : — 

"  First  appearance,  east,  alt.  50°.  Disappearance,  8.  13°  E., 
alt.  13''.''  ftof .  Kirkwood  remarks : — "  The  first  appearance  is,  I  am 

»  A  member  of  the  Junior  Claas  in  Wooster  University  was  with  Prof. 
Kirkwood. 
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satisfied,  quite  exact  and  entirely  reliable.    I  am  not  so  confident  of 
the  obs^ation  at  disappearance.    The  metew  exploded  when  about 

According  to  the  observations  at  Wooster  and  Anderson,  the 
meteor  becuna  visible  at  a  height  of  72  miles  over  a  point  in 
Columbiana  County,  Ohio,  lat.  40°  50',  long.  3°  40'  W.  The  Wooeter 
and  Washington  observations  seem  incompatible ;  the  latter,  how* 
ever,  make  no  claim  to  strict  accuiacv.  As  the  explosion  seen  at 
Wooster  was  not  observed  either  at  Washington  or  Anderson,  it  is 
probable  that  at  these  greater  distances  the  disappearance  was 
simultaneous  with  the  separation  into  fragments.  Such  doubtless 
has  been  the  case  in  several  other  instuices.  Por  example,  the 
fragments  of  the  meteor  of  August  11,  1878,  seen  at  Titusville, 
Pa.,  were  invisible  at  Bloomington,  Indiana.  If  we  assume,  then, 
that  as  seen  from  Washington  the  point  of  explosion  was  also  that 
of  disappearance,  we  find  by  a  tentative  process  that  the  observa- 
tions are  approximately  satisfied  by  supposing  the  separation  to 
have  taken  place  over  Tuscarawas  County,  Ohio,  about  N.  80°  W. 
&om  Waslungton,  Fa.,  at  a  distance  of  70  miles,  and  at  a  h^ht 
of  17  or  18  miles  above  the  earth's  surface.  After  the  explosicm 
the  parts  remained  visible  at  Wooster  until  within  12  or  13  miles 
of  the  earth.  The  course  was  nearly  S.W. ;  the  true  length  of  the 
entire  visible  track  as  seen  at  Wooster  was  about  85  miles ;  that  of 
its  projection  on  the  earth's  sur&ce  about  60  miles.  The  inclinar 
tion  of  the  path  to  the  sur&ce  of  the  earth  was  about  45°.  The 
velocity,  though  uncertain,  was  probably  greater  than  tiiat  corre- 
sponding to  an  elliptic  orbit.  No  detonation  was  heard  at  any  point 
of  observation. 

(8)  1879,  January  28,  2^  28"^,  ajc.,  local  time. — Observations  at 
Prmceton,  Green  Lake  County,  Wisconsin.  Lat.  43°  50'  N.» 
long.  12°  13'  W. — ^Bev.  William  M.  Bichards  states  that  between 
2  and  3  o'clock  t  on  the  morning  of  January  28  he  was.  awakened 
by  a  sudden  flash  of  intense  light  which  he  at  first  supposed  to  be 
lightning.  It  continued,  however,  for  some  seconds,  and  by  the 
tmie  he  was  thoroughly  awake  and  ready  to  make  observations  the 
light  had  assumed  a  reddish  tinge,  somewhat  resembling  that  of  a 
!E^man  candle.  He  next  supposed  it  to  be  a  fire,  but  immediately 
found  that  if  so,  it  must  be  out  of  the  village.  After  making  other 
conjectures,  to  be  as  quickly  dismissed,  he  finally  reached  the  con- 
clusion that  the  li^ht  was  meteoric. 

'^  By  that  time,'  he  says,  *'  the  frightful  conflagration  had  settied 
down  into  a  low  pyramid  of  lurid  light,  the  base  extending  60° 
along  the  N.£.  horizon,  and  the  vertex  having  an  altitude  of  30^. 
.  .  •  .     The  time  of  the  meteor's  flight  is  very  uncertain ;  perhaps 

*  Letter  from  Prof.  S.  J.  Kirkwood. 

t  Mr.  Bichards  did  not  notice  the  exact  time.  GCbe  Michigan  obeerrationa 
give  2»»  28- 
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8  to  lo  seconds.    The  farilliant  and  white  light  ^t  first  would  indi- 
cate that  the  moyement  was  £r(»n  the  west"*. 

Oh$erv<aion8  at  Traverse  Gtty,  Michigan,  lot.  44°  43'  i\r.,  htig.  8® 
40'  W. — The  *  Grand  Traverse  Herald '  of  January  30, 1879,  states 
that  ^  accounts  of  this  meteor  by  different  observers  were,  in  some 
respects,  very  conflicting,  those  who  saw  it  being  too  much  startled 
to  observe  it  closely.  ''  What  is  known  is  that  it  was  an  immense 
ball  of  fire,  that  the  darkness  was  made  b'ght  as  nocmday,  and  that 
a  terrible  explosion  followed  its  disappearance.  A  night  watchman 
who  saw  it  explode  says  it  flew  into  minute  pieces  Hke  star  dust. 
The  one  thing  that  all  agree  upon  is  ^ob  explosion.  This  was  heard 
with  equal  clearness  at  Mayfield,  13  miles  south  of  Traverse  City, 
and  at  Williamsburg,  12  miles  east.  The  effect  was  like  that  of  an 
earthquake.  Houses  were  jarred,  windows  shook,  and  dishes  rat- 
tled upon  the  shelves.  A  swaying  motion  seemed  to  be  given  to 
the  bmldings  as  an  upheaval  and  settling  back.  If  the  meteor  had 
not  been  seen  it  would  have  been  thought  an  earthquake-shock." 

In  response  to  a  letter  of  inquiry,  Thomas  T.  Bates,  Esq.,  editor 
of  the  *  Grand  Traverse  Herald,'  has  given  me  the  following  addi- 
tional stetement : — 

^  A  night  watehtnan  in  our  streets,  an  intelligent,  cool-headed 
man,  gives  me  in  substance  this  :  *  Was  on  wateh ;  passing  from  due 
west  to  east,  saw  a  great  light :  turned  quickly  and  saw  a  ball  of  fire 
over  my  right  shoulder ;  turned  to  left  and  watehed  it  until  it  dis- 
appeared :  when  first  seen  it  appeared  about  as  high  as  ordinary 
rain-clouds  ;  was  on  a  down  grade  close  to  and  apparently  over  the 
bay ;  came  from  S.W.  and  passed  to  N.E. ;  appeared  to  me  larger 
than  full  moon ;  full  moon  looks  to  me  to  be  18  or  20  inches  in 
diameter.  Meteor  appeared  to  pass  me,  and  move  out  of  sight  at 
about  the  rate  of  speed  a  descending  rocket  has  after  its  explosion. 
Had  a  good  chance  to  see  it  plainly.  Just  after  passing  me  a  singular 
tiling  occurred — a  ring  of  nre  seemed  to  peel  off  the  meteor  itself, 
and  this  followed  the  baU  of  fire  out  of  sight,  but  dropped  a  little 
behind  it.  It  was  perfectly  distinct,  and  appeared  to  be  hoUow, 
for  I  could  see  a  dark  centre.  Every  thing  was  as  light  as  day. 
I  looked  at  my  wateh  as  it  disappeared ;  it  was  just  28  minutes 
after  2  o'clock.  I  passed  on  my  beat,  and  shortly  the  terrific  ex- 
plosion came ;  it  shook  and  jarred  every  thing  around.  I  imme- 
diately looked  at  my  watch,  and  it  was  32  minutes  after  2.' 

^^  This  is  his  report  as  it  was  given  the  next  day,  and  as  it  was 
repeated  to  me  a  few  days  ago.  I  have  no  idea  that  the  meteor 
fell  into  Carp  Laket,  or  that  even  a  portion  of  it  fell  there.  Every 
thing  points  to  the  correctness  of  Mr.  Smith's  report  which  I  send 
you.  "  Truly  yours, 

"  Thos.  T.  Batbs." 

*  Letter  from  Ber.  Mr.  Bichards.    See  also  the  Sci.  Am.  of  March  15,  1879. 

t  It  was  reported  that  a  hole  through  the  ioe  on  Carp  Lake  had  heen  dis- 
ooTered  the  next  day,  indioating  that  Uie  aerolite  had  pit>bably  fallen  into  the 
lake. 
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CSiarleyoiz,  Charlevoix  Coantj,  Micfaigaii,  lat.  45°  15'  N.,  long. 
8°  12'  W.— Willard  A.  Smith,  Esq.,  editor  of  the  *Charlevmx 
Sentinel/  states  that  the  meteor  was  seen  by  seveial  persone  at 
Charlevoix  (where  it  appeared  to  be  at  least  four  times  as  lazge  aa 
the  fall  moon^,  that  it  burst  almost  exactly  over  ishe  village,  and 
that  parts  of  it  were  seen  to  &1L  The  ground  was  covered  y^iih 
deep  snow,  which  was  disturbed  in  sevei^  spots  by  the  meteorites, 
though,  strangelv  enoudi,  no  fragments  were  found.  The  meteor 
before  striking  the  earth  Ughted  up  surrounding  objects  with  an  in- 
tensity of  brightness  surpassing  that  of  sunshine,  and  its  explosion 
resembled  the  sound  of  musketry.  Its  direction  was  nearly  from 
S.W.  to  N.E.,  and  the  interval  was  very  brief  between  the  explosion 
and  report  *. 

Cheboycan,  Michigan,  lat.  45°  37'  N.,  long.  7°  31'  W.-^Mr.  and 
Mrs.  Jacob  Walton,  of  Chebq^ran,  both  saw  the  meteoric  light  aa 
it  approached  from  the  S.W.  It  lasted  several  seconds,  and  was  so 
bright  as  to  cast  a  very  distinct  shadow  into  the  vrindows  from  the 
roof  of  the  porch.  From  this  shadow  Mr.  Walton  estimated  the 
greatest  altitude  of  the  meteor  at  about  45°.  The  explosion  waa 
not  heard  at  Cheboygan  t. 

The  preceding  observations  indicate  that  the  meteor^s  course  was 
approximately  1?.E.  by  N.,  and  that  it  first  became  visible  over  a 
pomt  not  far  from  lat.  44^  25'  N.,  long.  9^  o'  W.  The  distance 
from  Traverse  City  to  the  point  at  which  meteoric  matter  is  said 
to  have  fallen  is  about  42  miles.  But  the  interval  of  four  minutea 
between  the  observed  explosion  and  the  report  corresponds  to  a 
distance  of  about  49  miles.  This  would  maxe  the  point  of  explo- 
sion 26  miles  above  the  earth's  surface.  The  height  at  first  ap- 
pearance, if  we  can  rely  upon  the  ratiier  uncertain  estimate  of  Mr. 
Walton,  at  Cheboygan,  must  have  been  nearly  100  miles.  The  true 
length  of  the  visible  track  was  about  124  nules,  and  the  length  of 
its  projection  on  the  earth's  surface  66  miles.  The  time  of  fli^t 
is  very  uncertain,  though  the  observations  indicate  a  rather  slow 
motion. 

(9)  1879,  February  3,  ii**  30",  P.M.,  Indianapolis  time. — This 
meteor  is  thus  descnb^  by  a  correspondent  of  the  Indianapolis 
*Daily  News'  for  February  7  : — 

*'  Baysville  [Henry  Coun^],  Indiana,  February  4,  1879.  Last 
night  between  11  and  12  o'dock  was  seen,  by  a  fewdtisens  of  this 
place,  one  of  the  largest  and  most  brilliant  meteoro  ever  observed 
m  this  section.  It  was  larger  thim  the  one  seen  in  December 
1876,  but  did  not  last  so  long,  being  but  a  few  seconds  in  view* 
It  apparently  rose  from  the  eastern  horizon,  and  advanced  rapidly, 
marKin^  its  path  by  a  stream  of  flame  until  it  had  almost  r^iched 
the  zenith,  when  it  exploded  with  a  dull  but  plainly  audible  report. 
The  different  parts  shot  earthward  in  various  directions,  but  the 
lights  of  aU  were  extinguished  before  they  had  gone  very  far.'' 

*  OondeDsed  from  a  letter  of  Mr.  Smith  to  Mr.  Bates, 
t  Letter  from  0.  S.  Bamiay,  Esq.,  to  Mr.  T.  T.  Bateii 
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(10)  1879,  Febnuuy  17, 8*  o",  p.m.,  Chicfigo  time. — ^Thii  inete(Hr 
vas  observed  by  C.  A.  Kenoston,  Professor  of  MathematioB  and 
AstnHiomj  in  Bipon  College,  Wisconsin.  It  was  first  seen  in  the 
west  at  an  altitude  of  about  30°.  It  moved  slowly  alons  the 
line  of  the  two  southern  stars  in  the  square  of  Pegasus,  and  dis- 
appeared near  the  horizon  without  any  audible  explosion.  It  was 
very  bright — increasingly  so, — ^and  seemed  to  have  a  short  tail  *. 

(11)  1879,  February  20,  10*^  45",  p.m. — This  meteor  was  seen 
at  Henryyille,  Clark  County,  Indiana,  by  Mr.  Benjamin  Yail.  A 
brilliant  train  remained  visible  nearly  a  minute  anier  the  meteor 
itself  had  disappeared  t- 

(12)  1879,  March  15,  3*^  53%  a.m. — ^This  meteor  was  observed 
by  a  number  of  persons  at  Washington,  Daviess  County,  Indiana. 
When  first  seen  it  was  S.  to°  W.,  at  an  altitude  of  25°.  It  moved 
westward  20%  and  then  burst  into  many  fragments.  The  meteor 
was  of  a  pale  bluish  colour ;  but  when  it  exploded  it  lighted  up 
every  thing  almost  Uke  daylight. 

A  luminous  doud  of  smoke  or  vapour  remained  visible  several 
minutes  after  the  explosion.    No  sound  vras  noticed  t* 

Remarks. — As  abr^y  stated,  no  meteorites  are  Imown  to  have 
fallen  from  any  of  the  fireballs  in  the  preceding  list,  although  in 
more  than  one  case  the  disappearance  was  followed  by  loud  deto- 
nations, and  the  explosion  of  the  meteor  of  February  3  took  place 
near  the  zenith  of  the  principal  point  of  observation.  It  is  also 
remarkable  that  the  only  two  whose  velocities  could  be  approxi- 
mately determined  were  almost  certainly  moving  in  hyperbolic 
orbits.  This  last-mentioned  fact  is  in  harmony  with  the  theory 
of  Professor  Yon  Neissl,  who  regards  aerolitic  and  detonating 
meteors  as  a  distinct  class  of  cosmical  bodies,  differing  both  from 
comets  and  periodic  star-showers  in  the  original  velocities  with 
whidi  they  enter  the  sphere  of  the  Sun's  attraction  §.  But  not 
only  have  certain  comets  moved  in  hyperbolas,  but  the  computed 
velocities  of  at  least  a  few  bodies  have  undoubtedly  indicated  el- 
liptic motion.  This  theory,  therefore,  can  hardly  be  accepted 
without  further  confirmation. 

Are  meteonnds  moving  in  liyperholas  to  he  regarded  in  general  as 
fragments  of  disintegrated  comets  ? — ^The  discovery  that  the  meteors 
of  November  14,  November  27,  April  20,  and  August  10  are  in- 
timately connected  with  comets  moving  in  the  same  orbits,  has 
suggested  that  all  shootine-stars  and  meteoric  fireballs  may  have 
been  produced  by  the  gradual  dissolution  (^  comets  or  cometary 
clusters.  It  must  be  remembered,  however,  that  the  comets  con- 
nected vFith  these  meteor-streams  are  all  periodic,  and  that  the  dis- 

*  Letter  ft*oin  Prof.  Eenoeton. 

t  Thus  briedy  refisiTed  to  in  a  letter  from  Mr.  YaiL  No  farther  deecription 
wasfliTen. 

ilietter  from  Prof.  D.  E.  Hunter. 
See  the  Beport  on  Luminous  Meteors  by  a  Committee  of  the  Brit  Amoo, 
for  the  Adv.  of  Sci  for  1877. 
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periion  of  their  matter  is  due  to  an  indefinifce  number  of  returns 
to  perihelion.  In  cases  of  non-periodicity,  complete  dissolution, 
as  the  result  of  a  single  perihelion  passage,  would  be  extremely 
improbable.  We  conclude,  therefore,  that  the  meteor  of  Decemb^ 
30,  1878,  and  oiliers  with  hyperbolic  orbits  are  not  cometory  frag- 
ments dissevered  by  solar  influence. 

That  some  fireballs  explode  noiselessly,  while  others,  apparently 
no  larger,  produce  loud  detonations,  is  a  remarkable  &ct  not 
hitherto  explained.  The  fact  also  that  explosions  very  often  occur 
without  being  followed  by  the  fall  of  aerolites  seems  no  less  mys- 
terious. Professor  Newton  has  suggested  that  aerolites  are  pro* 
bably  furnished  only  by  such  meteors  as  penetrate  the  atmosphere 
with  relatively  slow  motions,  those  moving  with  great  velocities 
beins;  burnt  up  or  dissipated  before  reaching  the  earth's  surface. 
Much,  however,  must  evidently  depend  on  the  size  and  constitu- 
tion of  the  meteoroids.  8mall  meteors  (shooting-stars)  are  entirely 
consumed  in  the  atmosphere.  The  composition  and  structure  of 
meteoric  stones  are  very  widely  various.  '*  While  some  are  ex- 
tremely hard,  others  are  of  such  a  nature  as  to  be  easily  reducible 
to  powder.  It  is  not  impossible  that  when  some  of  the  latter  class 
explode  in  the  atmosphere  they  may  be  completely  pulverized,  so 
that,  reaching  the  earth  in  minute  particles,  they  are  never  dis- 
covered"*. The  fireballs  of  August  11  imd  December  30,  1878,  as 
well  as  that  of  February  3,  1879,  had  very  rapid  motions ;  and  we 
can  perhaps  best  account  for  the  non-appearance  of  aerolites  on  the 
theory  of  their  complete  disintegrationf.  Tlie  meteors,  it  is  ob- 
vious, could  not  have  escaped  out  of  the  atmosphere.  Events  of 
this  kind  are  doubtless  of  veiy  rare  occurrence.  We  have,  it  is 
believed,  no  authenticated  instance  in  which  a  fireball  has  escaped 
after  approaching  within  39  miles  of  the  cartel's  surface]:.  Assum- 
ing this  as  an  inferior  limit,  and  taking  100  miles  as  the  greatest 
height  at  which  such  bodies  become  visible,  it  is  easy  to  show  that 
but  one  in  thirty-four  can  continue  its  orbital  motion. 

Suggestion  to  Observers, — In  the  theory  of  meteors  it  is  a  matter 
of  first  importance  to  determine  the  form  of  their  orbits.  If  any 
move  in  hyperbolas  they  must  have  had  a  proper  motion  in  space 
before  entering  the  solar  system.  Now  the  nature  of  a  meteor's 
orbit  is  determined  from  its  observed  velocity.  Unfortunately, 
hawever,  the  time  of  flight  (on  which  the  velocity  depends)  is 
generally  a  very  uncertain  element,  the  estimates  of  different  ob- 
servers being  verv  discordant.  Persons,  therefore,  who  report  such 
phenomena  should  train  themselves  to  habits  of  exactness  in  mea- 
suring the  time  <^  visibility.  Dakiel  Kjbkwood. 

*  Met.  Afltr.  p.  6  j. 

t  The  arenffe  hei^^t  of  shootmg-fltan  at  extinction  is  about  55  miks ;  that 
of  aerolitic  flreballB  and  detonating  meteors  at  the  time  of  explosion  about  25 
miles. 

\  This  was  the  nearest  i^;>proach  of  (lie  great  meteor  of  July  20,  i860.  See 
Prof.  Coffin's  memoir  in  the  '  Smithsonian  Ckmtributions/  toL  zvi 
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De$criptum  of  a  Three-feet  Telescope. 

Thx  oompletion  of  a  silyer-on-glaBs  r^ectorof  three  feet  aperture 
on  a  novel  plan,  both  as  r^ards  mirror,  support,  and  mounting  *, 
enables  me  to  give  a  short  description  of  it. 

In  settling  the  plan  at  the  commencement,  the  whole  question  had 
to  be  considered.  The  want  was  a  powerful  telescope ;  the  means 
as  to  time  and  money  were  limited.  The  reflector,  on  the  score 
of  cheapness  of  the  raw  material,  and  from  the  fact  that  increase 
of  aperture  gives  increase  of  light,  was  at  once  decided  on :  what 
the  material  should  be  was  not  so  easy  to  settle ;  metal  was  more 
certain  than  glass  in  manufacture,  but  not  nearly  so  reflective  as 
silver  on  glass.  Glass,  therefore,  it  must  be ;  and  many  plans  were 
thought  of  to  get  rid  of  the  bugbear  of  bad  annealing.  It  was 
suggested  to  have  a  back  of  well-burnt  fireclay  or  earthenware,  or 
even  terra  cottta,  and  forming  it  roughly  to  the  size  and  shape  of 
the  disk,  to  flux  on  the  face  a  thin  sheet  of  commercial  plate-glass 
and  work  that.  But  the  doubt  whether  the  expansion  and  contrac- 
tion would  be  the  same  for  the  two  materials,  and  the  experimental 
nature  of  the  idea,  determined  me  to  try  glass,  which,  after  one 
biliiie,  answered  perfectly. 

There  was  then  the  very  important  question  to  settle  of  the 
proper  support  of  this  disk  to  avoid  flexure,  and  to  give  the  neces- 
sary edge  support,  that  would  allow  the  mirror  to  be  used  with 
any  part  of  tne  edge  uppermost. 

A  careful  reading  of  all  I  could  find  on  these  matters  was  not 
very  encouraging ;  out  it  was  at  last  decided  to  follow  the  plan 
I  hsA  already  used  with  an  1 8-inch,  which  was  this : — For  the 
edge  support,  thin  copper  bands,  of  about  i  J  by  A  inch,  and  a 
little  longer  than  i  of  the  circumference,  and  with  tne  ends  made 
round  aim  screwed  for  nuts,  were  used,  and  the  cell  was  provided 
with  three  blocks,  cast  on  the  edge  at  120°  apart,  each  with  two 
slots.  To  get  a  good  idea  how  these  bands  were  used,  it  is  only 
necessary  to  imagine  the  cell  and  mirror  on  edge,  with  one  of  these 
blocks  at  the  bottom  edge.  The  other  two  would  be  right  and  left 
near  the  top ;  and  if  one  of  the  copper  bands  was  then  attached  to 
the  right-hand  block  and  taken  round  the  bottom  edge  of  mirror  to 
the  ldh;-hand  one,  a  very  good  ed^  support  of  the  mirror  would 
be  given /or  the  mirror  in  that  position.  Then  by  putting  in  the 
other  bands,  one  from  the  right-hand  block,  over  the  top  edee  of 
the  mirror  down  to  the  bottom  block,  and  the  other  horn  the  left- 
hand  block  over  the  top  of  the  mirror  to  the  bottom  block,  there 
is  a  similar  support  to  the  mirror  in  other  positions.  A  layer  of 
doth  was  placed  between  the  bands  and  the  glass.  Por  the 
bottom  supp(^,  the  glass  was  credited  with  some  rigidity  and 
strength,  and  it  was  not  thought  necessary  to  use  more  than  six 

*  The  prmoipal  points  of  which  are  contained  in  a  paper  in  the  '  Monthly 
Notices '  of  the  A.  A  8,  Jot  1879,  April 
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points  of  support.  These  points  were  found  bj  supposing  the 
mirror  to  be  cbvided  into  six  sectcnrs  of  60^ ;  the  centre  of  gravity 
(considering  it  as  of  no  thickness)  of  each  trianguhu*  piece  was 
found,  and  a  circle  described  round  this  point,  keeping  within  the 
sides.  This  gave  the  size  of  each  of  six  round,  gun-metal  plates, 
which  were  raced  flat,  and  turned  out  in  the  centre  to  form  broad 
rings  of  support.  This  was  done  to  prevent  the  plates  presenting 
only  one  point  to  the  glass.  On  the  under  part  of  these  plates  a 
knob  was  turned,  fitti^  into  the  ends  of  three  steel  levers,  long 
enough  to  connect  the  plates  in  couples,  the  centre  of  each  lever 
resting  in  a  proper  place  provided  on  the  cell.  The  whole  of  the 
mirror  by  this  arrangement  rests  on  three  points  of  the  cell,  and 
the  bottom  of  the  mirror  itself  rests  on  six  large,  flat  plates,  each 
of  which  takes  its  share  of  the  total  weight. 

The  ceH  was  made  of  cast  iron,  of  moderate  thickness,  as  the 
strength  was  not  of  much  consequence,  it  having  been  arranged 
that  the  three  points  where  the  levers  came  down,  bearing  the 
weight  of  the  mirror,  should  be  exactly  over  the  large  adjusting- 
screws  of  the  mounting,  to  insure  permanence  of  adjustment. 
A  gun-metal  ring  was  bolted  on  to  the  top  edge  of  the  cell,  at  a 
point  some  |  of  an  inch  below  the  surface  of  the  mirror.  This 
was  necessary,  as  the  plan  for  silvering  would  require  the  mirror 
to  stand  up  for  this  distance  from  the  permanent  cell  to  allow  a 
band  to  be  fastened  round,  and  also  for  the  purpose  of  working  at 
the  mirror — for  it  was  decided  to  work  the  mirror  in  the  ceU. 
This  gun-metal  ring  was  turned  so  as  to  take  on  tightly  a  large 
tin  cover.  This  arrangement  does  not  provide  any  means  for  pre- 
venting the  mirror  from  falling  forward,  as  this  is  provided  by  other 
means,  so  that  the  mirror  is  not  put  to  any  stress  beyond  the  edge- 
nipping  of  the  copper  bands  if  screwed  up  too  tightly — a  fault 
easily  to  be  avoided. 

The  mounting,  following  the  conditions  laid  down  in  the  paper 
already  mentioned,  consists  of  a  massive  polar  axis  of  cast  iron, 
floating,  or  partly  floating,  in  mercury  to  relieve  friction,  and  pro- 
longed beyond  the  top  b^iring  for  some  three  feet.  This  supports 
a  strong,  square,  base  plate,  on  which  rests  the  cell,  and  from  the 
comers  of  which  spring  four  steel  tubes,  which,  with  steel  tension- 
rods,  form  the  square  mimework  that  carries  the  diagonal  mirror 
and  eye  end.  The  back,  or  other  part  of  this  base  plate,  hinged, 
as  it  were,  to  the  top  of  the  polar  axis,  carries  nie  necessary 
counterpoise  to  the  steel  framework.  A  gun-metal  driving-wheel, 
of  40  inches  diameter,  with  1440  teeth,  is  connected,  by  means  of 
very  short  steel  spindles,  with  the  driving-clock,  of  a  peculiar  con- 
struction, and  the  necessary  mechanism  for  the  various  motions 
is  provided.  The  polar  axis  is  attached  to  a  large  cast-iron  block, 
which  contains  the  clockwork,  and  spreads  out  veith  a  broad 
flange  to  a  base  of  about  5  ft.  x  4  ft. 

The  foundation-pier  is  made  hollow  and  some  8  feet  deep,  so  as 
to  form  a  well  for  the  driving-clock  weight. 
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The  whole  of  the  telescope  is  covered  by  an  open  framed  house, 
running  round  and  dear  of  the  telescope,  on  an  iron  railwaj,  the 
aides  and  roof  being  formed  of  sheet-iron.  The  roof  slides  clear 
oSj  so  that  practicallj  the  telescope  is  in  the  open  air.    Nothing 

fives  such  a  good  idea  of  the  house  as  to  consider  it  a  slight  modi* 
cation  of  Herschel's  aitaamuth  mount'ng  to  his  four-feet,  but 
with  this  exception,  that  the  house  is  quite  independent  of  the 
equatoreal.  It  has  the  same  sloping  sicb,  up  which  slides  a  plat* 
form,  in  this  case  about  12  feet  long,  with  a  ladder  at  the  side  to 
reach  it.  This  platform  is  capable  of  being  raised  or  lowered,  and 
gives  a  most  delightful  means  of  using  the  telescope ;  being  counter- 
poised, and  running  on  rollers  with  rackwork  motion,  it  can  be 
worked  with  the  greatest  ease  and  nicety. 

A.  AlNBLEB  CoiOiOH* 
Sept  1879. 


Double  Stars  for  October. 

The  great  binaries  and  some  other  double  stars  have  now  been 
gone  through.  For  want  of  space  a  good  many  interesting  objects 
discovered  bj  A,  2,  OS,  and  /3  (Bum£un)  were  omitted,  and  these, 
will  now  be  taken  up  in  order  of  B.A.  As  before,  ^=Sir  John 
IJerschel,  S=;Struve,  02=5  Otto  Struve,  and  /J  =  Burnham,  De^ 
Dembowski,  Se=Secchi,C.O.a  Cincinnati  observers  (Stone,  Howe, 
Ac.). 

2  3063.        E.A.  o^  i^'S,  Dec.  —5®  12'.    Mag.  8-3,  10*2. 


1865 
1877 

224''-4 

223  3 

i' 

I 

••84 
•82 

De. 

tt.A.  0" 

3* 

•2,  Dec.  - 

-28» 

39'. 

Mag. 

6,6. 

i3  39i- 

1876  97°-2  o"-78  CO. 

OS  2.        E.A.  o*^  7"-s,  Dec.  -h26°  20'.    Mag.  7,  8,  10. 

A  B  1874  43''-8  o"-88  OS. 

Binary?    A  C  fixed. 

S  13.        E.A.  o**  9*-4,  Dec.  +76^  14',    Mag.  6*6,  7T. 

187s  97°-2  o"'s8  De. 

OrUtal  motion. 

OS  4.        E.A.  o**  io"'4,  Dec.  +35°  49'»    Mag.  7-5,  7«8. 

1873  lya""'©  o"'3S  I>o. 

Orbital  motion. 
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S  35.        E.A.  o*  2S«-s,  Dec.  —2''  43'.   Mag.  9-41  9'^. 

1868  267°'5  7"-88  De. 

1878  266  -6  8  -62  /3. 

Measures  wanted.    Angle  unchanged.    Distance  diminished. 

S  S I-        K-A..  o^  37»-3,  Dec.  + 16°  4^'.        Mag.  8,  9-5. 

1858  i27°-6  4''-o5  Se. 

Probably  binary.    Measures  wanted. 

2  118.        E.A.  I*  20--6,  Dec.  +82^  44'.    Mag.  8-5,  9-4. 

1863  69*'-9  ii"i8  De. 

Measures  wanted. 

/3  506.        E.A.  i"^  2S«'i,  Dec.  +14°  44'.    Mag.  4,  11. 
1878  12^-9  I  "-02  /3. 

/3  510.        E.A.  1^  42"-i,  Dec.  + 15**  43'.    Mag.  A  8,  B  12,  C  8. 

A  B  1878  337^-4  i"-S9  /J. 

A  C      78  326  -4  SZ  "5^ 

Probable  change  in  A  C. 

j3  SIX.        E.A.  i'^  42*-6,  Dec  •2''  i'.    Mag.  A  8-5,  B  85,  C  12. 

AB  1878  i59°-2  29"-67  /3. 

B  C      78  316  -o  3  -69 

Certain  change  in  A  B  (IS  171). 


Mr.  Edward  Orossle/fl  Obsenratory, 
Bermerside,  Hali&z. 


Jos^H  Glsdhill. 


Meteor  Notes  for  October. 

The  Orionids  should  be  looked  for  between  the  14th  and  22nd.  l%ere 
are  a  large  number  of  contemporary  showers  visible,  and  meteors 
are  very  frequent  in  the  mornings  of  this  month,  especially  at  the 
epoch  of  the  Orionids.  In  1869  the  horary  numbers  a.h.  ob- 
served by  Major  Tupman  were: — 14th,  38;  15th,  52;  i6th,  67; 
17  th,  81.  The  writer  also  observed  many  meteors  on  the  morning 
of  the  1 6th  in  1877.  '^^  cl^ef  showers  of  the- month  aie  as 
follows : — 

A.M.  103°  +I2<^  (i5th-i6th),  105*^  +50^  115^  +29%  133^ 
+  79*  (2nd-sth),  133°  +21°  (i6th),  130°  +47^  Mo**  +280(isth- 
i8th),  120°  +15%  121°  ±0%  100°  +1%  150^  +13^  (nth). 
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P.M.  60°  +2o^  4f  +22^  81°  +23^  62°  +47^,  330  +51%  62° 
+37%  40**  +40%  25°  +44%  290<>  +70%  42^  +31°,  and  28°  +10^ 
(13th). 

Hiese  sbowera  may  nearly  aU  be  reobserved,  during  the  absence 
of  moomlkht,  from  about  the  9th  to  the  23rd. 

Rrebalis  should  be  looked  for  on  the  r3th,  isth,  I7th-T8th, 
22nd,  24th»  and. 29th. 

For  further  notes  on  October  showera  see  *  Obeeryatory,'  Vol.  u 
p.  188  and  Vol.  n.  pp.  203-205. 

BecefU  Observations. — On  Aug.  9-12  the  following  numbers  of 
meteors  were  counted  at  Debenham,  Suffolk : — 


h  m      h  m 

m 

Meters. 

Aug.    9... 

10  30  to  II  30 

60 

16 

Much  cload. 

J.  G.  Oomisb. 

10... 

10  30  to  II     5 

35 

ift 

MochdoucL 

J.  Qt,  Cornish, 

II... 
II... 

10  0  to  10  30 

10  33  to  II     3 

30 
30 

3S 

iRne  night 

Serg.  Payne. 
V.  ComiJih. 

II..., 

II    0  to  II  30 

30 

3» 

Serg.  Payne. 
J.  0.  Oomiah. 

12... 

9  47toio5x 

60 

43 

Pretty  dear. 

Mr.  V.  Cornish  deduced  the  chief  radiant  of  the  Perseids  at 
47l**  +S7j*^«  T^®  t*bl®  shows  that  on  the  nth,  10^  to  ii-J\  95 
meteors  were  seen,  =64  per  hour  for  one  observer,  which,  oonsi- 
deling  the  low  altitude  of  the  Peneid  radiant,  represents  a  some* 
what  active  return  of  the  shower.  A  fireball,  «b|  ]> ,  was  seen  by 
Mr.  Payne  on  July  30,  path  from  342®  —9°  to  360°  —3°,  and 
probably  from  a  centre  at  /3  Aquarii.  A  meteor,  ek  $ ,  was  reoor- 
oed  by  the  writer  as  proceeding  from  the  same  point  on  July  30, 
1878  (see  *  Observatory,'  Vol.  ii.  p.  165),  and  the  catalogues  of  diffe- 
rent observers  give  other  instances  indicating  a  radiant  at  324^ 
—  12*'  for  Jtdy  26-31  (8  bolides),  and  sTupman,  326°  —13% 
July  28,  1870. 

in  the  moonUght  on  Aug.  4  several  fine  meteors  were  observed 
at  Debenham  chiefly  between  9**  55"  uid  1 1^  5",  and  on  the  subse- 
quent nights  when  observations  were  continued  several  extremely 
fcNreshortenad  paths  were  registered : — 

h  m  00  «      o       « 

Aug.    4...     1040  >-i  2911+  6   tds9i  -f  2    =Vega. 

4...     11    5  <Cl^  231    +20   tofta9  4-i4 

4...     14   o  fisl^  164   4-^   to  197  +4® 

to.*.     1038  9%       7<>H'4Sito   72+42 

II...     II  17  6  330    4-55        Path  20'.    liacertid. 

12...     II 29  4  40    4-^     ^^  2<^'*    Peneid. 

12...     1230       9  53    +17    to  below  h. 

17...     1010  6  63    +37i      Path  20'.    62'»4-35°  Aug.  1879,  B, 

17 5i  261    4-48        Path  10'.    266*  4-47^  Aug.  1879,  D. 

25...      9  55  6  lo^  +39!      Path    8'.    Andromedee. 

In  the  ^Gazetta  Piemontese'  of  Aug.  27  and  ^8  Signor  P.  F. 
Denza  gives  some  results  of  observations  made  at  Italian  stations  on 
Aug.  9-12,  1879.    The  number  of  meteors  seen  was  as  follows  :— 
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Obterrer  and  ttatioiu  Anguit  tSyo.  Totals 

9iJi.      lotL     nth.  12th.      Men.  maf^^ied* 

0.  Ballatore,  Foaaano 6  31  14         ...  51  51 


Prot  ParniMtti  and  four 

tantf,  Aleasandria 41        in  37         ..•         189        189 

D.  P.  Maggi  and  two  aaiutantB, 

Vcdpeglino    3a        i8x        304        159        676        270 

G.  Manai  and  aiBiitantgi  Pia- 

oenia 169         ...         169        169 

D.  y.  Oapanni,  ICarola  30         ...  ...  30 

0.  QrabloTiti,  Trieste 23  17         40         40 

Thus  the  nth  appears  to  have  been  the  most  &yoiirable  date. 
The  Italian  obsenrers  also  reoorded  295  shootmg-stars  on  12  nights 
in  July. 

Dr.  N.  de  Eonkolj  sends  a  list  of  258  meteor-paths  reoorded  at 
several  stations  (chiefly  O'-G-yalla)  in  Hungary  during  the  year  1878. 
They  were  noted  on  April  19-21,  July  25-29,  and  Aug.  9-i3« 
The  value  of  these  annu^  observations  might  perhaps  be  increased 
if  the  magnitudes  and  other  details  of  each  meteor  were  included 
in  the  tables. 

At  Bristol  on  the  three  nights  Aug.  21,  22,  and  23,  211  shoot- 
ing-stars were  observed  by  the  writer  in  watches  extending  in  the 
aggregate  over  i6|  hours.  There  was  a  very  rich  and  well-defined 
ahower  of  52  Draconids  from  a  point  in  291°  +60^.  21  of  them 
were  recorded  on  the  2i8t,  11  on  the  22nd,  and  20  on  the  23rd. 
On  the  latter  night  notes  were  retained  of  the  number  seen  ^¥sk 
hour  as  follows : — 

«  Augoflt  23,  1879. 

Period  of  watching.     MeteoraBeen.  Draoonids. 


9*^  15™  to  10^  8  4 

10^    to  XX  XI  3 

XI      to  la  10  3 

xa      to  13  xa  4 

13  to  14  18  3 

14  to  15  14  3 


Sky  Tery  olear  all 
night 


5f  hoora.  73  ao 

The  shower  of  Draconids  is  evidently  one  of  special  character. 
The  meteors  are  rather  slow  and  short,  often  leaving  yellowish 
trains.  The  night  of  the  24th  was  overcast  throughout;  but  on 
the  25th,  before  midnight,  14  meteors  were  observed  in  clear  spaces 
between  the  storm-clouds,  and  of  these  4  were  Draconids ;  so  that 
the  duration  of  the  radiant  certainly  extends  over  the  five  nights, 
Aug.  21-25.  The  following  bright  meteors  were  registered  m>m 
this  stream: — 


h  m 


o  00 


Ang.  Ai...  .  II  23  I  338+40  to  347   +31  II  Slow, 

ai...  II  48  I  a83+7iitoa75    +75  Ai  Slow. 

ai...  xa  10  I  11+79    *®   46    +77  *  Slow, 

aa...  114a  I  289  4-48    to  288^+42  6  Slow. 

22...  1328  x  447+5*    to  233    +55  9  Slow. 

22...  15    a  I  280  +51    to  274    +45  7  Swift, 


Digitized  by 


Google 


1879.] 

Meteor  Note9. 

Aug.  »3... 
23... 
15... 
15... 

h   m 

9  18 

10    7 

8  30 

9  57 

00          000 

^n       340+53    to  360    +43i    16 
0^      341  +33    to  347    +23       II 
SiriiM.    309  +19    to  312    +5      14 
=  ?         79  +70    to    89    +67        9 
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Slow;  train. 
Slow;  train  5  sec. 
Bather  swift. 
Slow;  train. 

About  15  others  were  rather  brilliant,  =2Qd  mag.  stars,  and  nearly 
all  had  trains.  The  shower  is  evidently  the  same  as  Mr.  Gbeg^s 
No.  78  at  282*^  +60°,  June  28- Aug.  25,  and  he  very  properly 
ascribes  to  it  considerable  strength.  It  has  been  seen  by  many 
observers,  notably  by  Major  Tupman  on  Aug.  20-25,  ^^1^^  ^  ^^0° 
+  58^  The  observations  this  year  on  Aug.  21-23  also  included 
two  bright  Oepheids : — 

h   m  0000 

Aug.  21 12  46         >i         337  +36  to  337i  +29        Slow;  train. 

22 1450       ^^^         326 +30  to  325} +22        Slow;  brilliant. 

These,  with  several  other  meteors  belonging  to  the  same  stream, 
give  a  radiant  at  330®  +  69°,  which  agrees  with  the  following  pre- 
vious determinations : — 

Aug.  6-31 335+67  Qre^  and  HerscheL 

Aug.  28,  1869  340+65  Sohiaparelli  and  Zezioli. 

Aug.  25-Sept  1, 1878 335  +64  Sawyer  (6  meteors). 

Jafy6-Aug.  25, 1876-77...  330+70  Denning(3 1  meteors). 

The  probable  occurrence  of  two  bright  meteor-showers  on 
Aug.  19-22  from  Cepheus  and  Draco  (339°  +66^  and  299°  +66°) 
was  pointed  out  by  the  writer  in  the  *  Observatory'  for  September, 
p.  131,  and  the  positions  are  both  clearly  confirmed  by  the  recent 
observations,  which  also  give  several  other  well-marked  radiants. 
About  10-15  swift  meteors,  with  streaks,  diverged  from  each  of  the 
points  46°  +47°,  61^  +50°,  and  62°  +35°,  near  a,  /i,  and  ePersei. 
At  the  latter  place  a  stationary  meteor  s  Sinus  was  seen  on  Aug. 
22,  11*^  33",  and  a  bright  long-pathed  meteor,  leaving  a  streak  of 
30^,  of  the  same  stream,  was  noted  on  Aug.  25,  12^  shooting  from 
37°  +40®  to  342**  +32°;  path  =44°.  On  the  23rd  there  was  a 
veiy  exact  radiant  of  8  slow,  faint  meteors  at  350°  +47^9  and 
about  12  were  seen  from  319°  +30°  on  the  3  nights.  A  few 
brilliant  meteors  with  stredks  were  traced  from  24°  +42^,  and 
there  were  other  centres  at  40°  +31°,  343^  +14^ 
266°  +47°,  315°  +47^  350*^  ±o°»  and  253*^  +64°. 
About  1 5  Aquanads  were  seen  also ;  but  the  radiant 
was  not  accurately  derived. 

Of  the  few  meteors  recorded  before  midnight  on 
the  25th,  one  which  appeared  at  9*^  57™  was  a  smal^ 
bohde,  and  at  the  end-point  gave  a  brilliant  flasl 
(notwithstanding  the  moonlight),  which  many  per 
sons  mistook  for  lightning,  in  traversing  its  nearh 
vertical  path  of  9°  the  meteor  produced  three  out- 
bnrBt0,and  left  very  short  brightish  streaks  in  the  posi- 
tions of  its  two  latter  scintillations.  W.  F.  Uekniko. 

VOL.  IIL  o 
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COERESPONDENCE. 

To  the  EdUar  of «  The  Observatory: 

The  EcUpse  of  1879,  Juiy  18. 

SiB,-=-. 

The  Augast  number  of  your  review,  'The  Obsraratory/ 
which  I  hare  just  receiyed,  contuns  a  note  by  Mr.  Arcimis  giving 
the  times  of  tLe  beginning  and  end  of  the  Solar  eclipse  of  July  18 
as  obserred  by  him  at  Cadiz,  and  compared  with  those  given  in 
the  'Nautical  Almanac*  published  by  this  Observatory  for  the 
use  of  the  Spanish  navy. 

The  same  eclipse  was  observed  here  by  four  persons  using 
different  chronometers,  which  every  one  compared  with  the  standard 
sidereal  clock  before  and  after  the  observation  of  each  contact,  the 
error  and  rate  of  the  clock  being  obtained,  as  usual,  by  trajisits 
of  stars  observed  with  the  meridian-circle.  The  means  of  the  times 
of  the  contacts  by  the  four  observers  were  as  follows : — 


h       m 

Beginning.. 
End 

18  17 

19  58 

15-81 
i6-o/ 


Sid.  M.T.  at  San  Fernando. 


Mr.  Arcimis's  place  of  observation  at  Cadiz  is  4'  N.  and  2 1*'6 
W.  of  this  Observatory ;  the  difference  of  the  effect  of  parallax 
between  the  two  stations  being  therefore  nearly  -f  i6*  for  the 
beginning,  and  that  of  the  longitude  —  2 1*'6,  it  is  easy  to  see  that 
at  least  the  time  of  the  first  contact  as  observed  by  Mr.  Arcimis  is 
wrong. 

Em)rs  of  the  same  kind  in  observations  of  occultations  by  the 
same  gentleman  have  been  detected  here  more  than  once. 

With  respect  to  the  difference  between  the  observations  of  Mr. 
Arcimis  and  the  data  in  the  'Nautical  Almanac,'  I  think  it  is  suffi- 
cient to  say  that  the  times  of  the  beginning  and  end  of  edipsee 
given  in  the  said  work  are  intended  only  to  prepare  for  actual 
observation;  and  this  being  the  object,  the  beginnings  of  Solar 
eclipses  are  calculated  to  a  few  seconds ;  but  not  so  the  end.  This 
circumstance,  the  tabular  errors,  and  those  of  the  observation  by 
Mr.  Arcimis,  are  sufficient  to  explain  the  discrepancy  between  his 
observations  and  the  data  in  the  '  Nautical  Almanac.' 

I  have  the  honour  to  be,  Sir,  yours  most  obediently, 

Cecilio  Ptjjaeoit. 

InBtituto  y  Observatorio  de  Marina  de 
San  Fernando,  1879,  August  8. 

The  Red  Spot  on  Jupiter. 
Sib, —  \ 

Several  nlimbers  of  your  journal,  as  also  several  <rf  the 
*  Astronomical  Si^gister,'  have  contained  communications  on  the 
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remarkable  rose-tinted  spot  on  Jupiter,  to  which  I  called  attention 
in  the  '  Observatory '  for  January  last.  It  is  gratifying  to  know 
of  the  interest  so  many  widely  separated  observers  have  manifested 
in  this  phenomenon. 

I  wisn  to  state  that  I  recommenced  observing  this  spot  on  July 
2, 1879,  and  since  that  date  have  made  upon  it  about  thirty  obser- 
vations. Quite  a  number  of  drawings  have  also  been  made  when 
it  was  on  different  parts  of  the  disk,  and.particularly  when  decided 
dianges  have  been  noted  in  its  environment. 

As  I  will  presently  show,  it  is  now  situated  very  nearly  on  the 
same  part  of  the  planeifs  sur&ce  as  it  was  fourteen  months  ago. 
Its  centre  is  very  near  the  251st  meridian,  and  abo  near  the  paral- 
lel of  40°  south  of  the  Jovian  equator.  The  only  appreciable  diffe- 
rence in  its  appearance  now  and  last  year  is  the  very  perceptible 
elongation  of  the  major  axis  of  the  oval  and  the  shortening  of  the 
minor.  The  elliptioGd  form  is  still  distinctly  preserved,  except 
that  the  Receding  end  is  slightly  more  acute  than  the  following. 
The  longer  axis  is  precisely  parallel  to  the  equator  of  Jupiter.  For 
the  last  £fty-six  days  it  has  preserved  a  very  uniform  appearance, 
with  slight  exceptions,  which  will  i^pear  in  the  notes.  Prom  a 
large  number  of  micrometer  measures  I  find  the  mean  major  axis 
to  be  i4"*56,  and  the  minor  3"*8  j.  Its  colour  has  remained  very 
persistent,  whether  observed  at  night  or  in  full  daylight. 

As  Mr.  Dennett  has  given  in  the  *  Astronomical  Eegister '  for 
June  a  table  of  observations  made  between  July  9  and  Nov.  23  of 
last  year,  I  will  simply  continue  his  table,  adding  a  margin  for 
notes.  The  assigned  meridians  are  derived  from  the  ephemeris  of 
Mr.  Marth,  as  given  in  the  'Monthly  Notices*  for  Apnl.  All  the 
times  are  given  only  to  the  nearest  minute.  I  may  add  that  I  am 
now  making  a  series  of  very  careful  observations  of  the  times  of 
transit  of  the  centre  across  the  central  meridian  of  the  disk,  rela- 
tively to  a  redetermination  of  the  axial  rotation. 

Date.       G.M.T.  MendUnat  j^^^^ 

1879.         h    m  o 

July   2...    22  21  233        The  rofle-tinted  elliptical  doud  seen  July  9, 

1878,  far  advanced  on  the  eastern  disk.  The 
major  axis  about  i  longer  than  last  year,  and 
the  minor  shortened.  Colour  much  deeper 
than  that  of  the  belts.  Drawing  made  at 
i6»>  10"  Glasgow  M.T.=22»»  21"  O.Ti/LT. 

„      4...     22  46  190        The  spot  fully  on  eastern  disk.    It  was  watched 

till  after  sunrise,  16*^  55°^.  As  the  sunlight 
grew  stronger  its  deep  pink  colour  showed 
more  strikingly.  In  the  advancing  daylight 
the  broad  equatoreal  belts  seemed  brown 
bands,  while  the  rose-colour  of  the  spot 
maintained  its  ascendency. 

)t      5*'-     '9  4^  23^        Preceding  end  near  central  meridian. 

„      6...     17  21  295        Slight  haze.    Spot  appears  paler  than  usual. 

Preceding  end  near  western  limb. 
02 
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Date.       GJLT.  ^•^SS**  Notes. 

1879.         h   ™  o 

July   7...      I  56  %^6       Oentre  of  spot  nearly  ap  to  oentral  meridiaiu 

At  this  time  of  day  (19^  4^""  GULT.)  the 
ooloor  is  searoely  distingmshable  firom  that 
of  file  belts.    At  times,  howeyer,  the  red  hue 
u  oontpiouous, 
„      8...     1836  18a        Following  end  past  oentral  meridian. 

„      9...    aa  34  ai6     .  On  eastern  part  of  the  disk.    Measured  the 

axis.    Belts  brown,  sharp,  and  ridded.    Draw- 
ing made.    Observed  till  long  after  dayli^t. 
Bed  tint  continued  very  strong. 
},    10...     19  16  247        The  oentre  near  oentral  meridisn.    Theequa- 

toreal  belt  north  of  it  yeiy  dense,  brawn,  and 
ridged.    Micrometer  measures  snd  drawing 
made. 
^     18...     17  41  315        At  11^  3"^  GLMT.  the  preceding  end  very 

nearly  in  contact  with  western  bmb.  Belts 
yery  sharp  and  unusually  white.  Appear- 
ance yeiy  similar  to  ridges  of  white  clouds. 
Along  the  centre  of  the  two  equatoreal  belts 
ran  a  fine  purple  line.  The  spot  had  a  bor- 
der of  white.  Appearance  yeiy  peculiar. 
Drawing  made. 

aa8        Preceding  end  near  central  meridian. 

275        Bast  end  past  oentral  meridian. 

a66        Centre  past  central  meridian. 

185  On  eastern  disk.  By  the  eye  the  spot  was  sus- 
pected to  have  elongated.  The  suspicion 
confirmed  by  micrometer  measures. 

319        PreoedinjB^  end  near  western  limb. 

240        Oentre  nearly  up  to  central  meridian. 

295        Between  centre  and  western  limb. 

252        Very  near  central  meridian. 

*53  »»  t»  >f 

190        On  eastern  disk.    Had  been  yisible  25  minutes. 
251*5     Very  near  central  meridian.    Nearly  all  the 
cloudy  mssses  called  belts  seem  collected 
south  of  the  equator  except  the  broad  and 
distinct  northern  equatoreal  belt.    The  few 
fine  dark  streaks  left  much  resemble  the 
dusl^    bands   on    Saturn.     The   southern 
hemisphere  dense  with  clouds  except  in  the 
yicinity  of  the  spot ;  here  the  cloud  masMs 
seem  not  to  approa<^. 
Oentre  past  central  meridian. 
Advanced  on  eastern  disk. 
Very  near  central  meridian. 


Centre  very  near  central  meridian.  For  the 
first  time  ver^  fine  ^ort  streaks  were  ob- 
served extending  out  from  the  ends  parallel 
to  the  equator.  I  fear  the  spot  is  about  to 
merge  into  the  belts ;  if  so  we  can  make  but 
few  more  transit  observations  of  the  centre 
for  determination  of  axial  rotation. 


it 
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1879-         li    m  o 

Aug.  25...     16  51*5        252        Oentro  Tonr  near  oentral  meridian.    No  indi- 

cBkiim.  of  the  projeoting  streaks  firom  aids 
to-nigfat  The  differenoe  in  the  iUummoHcn 
of  the  northern  and  southern  hemispheres  of 
the  planet  yeiy  marked.  The  dosky  rings 
on  the  northern  hemisphere  more  tlian  eyer 
like  those  of  Saturn.  Not  seen  as  straight 
lines  on  a  fiat  mrface,  hut  as  parallel  drdes 
on  a  sphere. 

When  I  read  Mr.  Dennett's  notes  in  the  February  number  of 
the  *  Observatory,'  it  occurred  to  me  at  once  that  it  was  very  strange 
I  had  fiuled  to  see  this  spot  during  the  months  of  August,  Sep- 
tember, October,  and  November  of  kist  year.  That  I  i^ed  to  see 
it  between  the  dates  of  July  18  and  August  12  was  a  matter  of 
course,  since  I  was  absent  &om  the  observatory  with  the  eclipse 
expedition  of  Prof.  Eastman.  But  between  the  dates  of  August  1 5 
and  Nov.  18  I  made  thirty-five  carefully-noted  observations  erf  the 
eclipses,  occultations,  transits,  &c.  of  Jupiter's  satellites;  and 
besides  on  eighteen  different  nights  between  August  18  and  Nov. 
23  I  accommodated  seventy-five  persons  vdth  views  of  Jupiter, 
llie  case  seemed  to  present  such  a  reversal  of  the  law  of  chancea 
tiiat  I  have  taken  the  pains  to  compare  the  times  at  which  this  spot 
was  due  at  the  central  meridian  with  all  my  observations  of  last  year. 
Before  I  give  the  result  of  this  comparison  it  is  important  to  consider 
whether  the  spot  is  now  on  the  same  part  of  the  surface  of  the  planet 
as  it  was  in  July  1878.  At  my  observation,  July  9,  1878,  made  at 
18*  36"  GJM.T.,  the  meridian  at  the  centre  of  the  disk  was  22  2^ 
At  that  time  the  centre  of  the  spot  was  between  40  and  50  minutes  of 
time  east  of  the  central  meridian.  Having  now  watched  this  spot 
on  numerous  occasions,-  and  having  carerully  noted  the  time  it 
requires  to  transit  the  central  meri£an  of  the  disk,  I  am  sure  that 
45  minutes  is  a  reasonable  estimate  of  its  distance  eastward  on  that 
ni^t.  But  4S"=  25°-4  of  axial  rotation,  and  222°+ 2S°-4=247°"4, 
which  is  its  position  now  within  the  limits  of  probable  error  of 
observation.  It  is  then  certain  that  last  year,  as  this,  the  centre  of 
the  spot  preceded  the  zero  meridian  about  three  Tumrs.  In  the 
following  toble  I  give  i-^Jlrst,  the  date ;  second,  the  time  the  spot  was 
due  at  the  centre  of  the  disk ;  third,  my  observed  time ;  fourth,  cha- 
racter of  the  observation ;  KoAffth,  the  difference  of  times. 

0.M.T.  G.M.T. 

1S78.                          h   m  h   m  h  m 

July    10 15  15  16  IX  Search  for  spot  056 

Aug.   15 14  3a  15  46  I.  Tr.  Ing.  i  14 

M      3' 17  34  16  55  JvSt.  Eg.  o  39 

Sept.  10 1545  1648  m.  Eo.Be.  i    3 
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QM,T.  G.M.T. 

1878.  h   m  h   m  h  m 

Sept  20 1356  14  "'5  ILEo.  Re.  015*5 

„     aa »S  34  >6  33  L  Oo.  Dis.  059 

Oct.      a 1346  1334  I.  Sh.  Eg.  o  la 

Not.     a 1413  '3     5  I.  Bo.  Be.  18 

I  find  by  numerous  trials  that  this  spot  is  plainly  visible  in  my 
telescope  with  a  power  of  275  for  more  than  two  Tiours  before  and 
after  passing  the  middle  point  of  its  visible  arc  of  rotation.  Here 
then  are  at  least  eight  different  occasions  on  which  I  observed 
Jupiter  closely  when  this  spot  should  have  been  seen.  In  several  of 
them  it  should  have  been  near  the  nUddls  of  the  disk.  Even  con- 
sidering its  longitude  240°  (as  Mr.  Dennett  has  done),  it  could  not 
jpossibly  have  passed  out  of  sight  by  axial  rotation.  I  cannot  think 
it  could  be  present  and  escape  my  attention  unless  its  character  had 
wholly  changed,  for  any  one  who  sees  it  now  and  as  it  vfos  on  1878, 
July  9,  a  year  ago,  will  at  once  detect  it  on  any  part  of  the  disk. 
For  instance,  on  the  morning  of  July  2,  1879,  as  soon  as  my  eye 
gl^iced  on  the  disk  I  recogmzed  it,  though  seen  very  Migudy  to 
the  line  of  sight,  and  seen  fx/nenopectedly  alter  the  lapse  of  a  year. 
Ifow  whether  this  spot  has  periods  of  "recurrence,"  as  Mr.  Gfrou- 
velot  suggests,  or  wbeth^  at  certain  times  it  has  a  very  n^id 

5 roper  motion  on  the  surface  of  the  planet,  I  cannot  pretend  to 
etermine.  On  July  9  of  last  year  I  saw  it  eirtend  beyond  a  white 
spot  north  of  it,  but  which  was  in  moHon  is  unknown.  It  is  just 
to  say  that  my  note  for  July  15  of  last  year  was  not  intended  to 
refer  to  the  spot,  but  only  to  the  disturbed  condition  of  the  belt 
regi<»i.  It  is  unportant,  I  think,  to  remember  that  both  preceding 
and  following  the  observation  of  July  9  the  belt  region  was  in  a 
state  of  unusual  i^tation. 

I  am,. Sir,  yours  truly, 
Morrison  Obaervitorr,  C.  W.  Pbitchbtt. 

Glasgow,  masonic  1879,  August. 

^^A  startling  Astronomical  Discovery/' 

Sib,— 

In  the  ^  Echo'  of  March  14,  1879,  there  appeared  an  article 
by  Mr.  E.  A.  Proctor  under  the  above  heading,  and  in  it  my  name 
was  freely  used.  I  ask  space  for  a  few  words  in  reply  to  the 
groundless  charges  made  against  me  in  that  article ;  at  the  sune 
time  I  feel  that  I  do  so  at  a  disadvantage,  because  what  I  have  to 
say  cannot  be  published  probably  for  five  or  six  months  after  the 
charges  were  made. 

With  the  tone  of  Mr.  Proctor's  article  I  have  nothing  to  do ;  he 
no  doubt  has  a  good  reason  for  writing  thus  about  astronomical 
matters  ;  but  when  he  deliberately  puts  a  construction  upon  what 
I  have  written,  which  the  words  were  not  intended  to  convey,  it  is 
perhaps  worth  while  to  say  a  few  words  in  reply. 
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The  words  in  question  are : — "  One  could  hardly  resist  the  convic- 
tion that  it  was  a  shadow :  yet  it;  could  not  be  the  shadow  of  any 
known  body  ;  and  if  produced  by  a  comet,  it  must  be  one  of  more 
than  ordinary  density,  although  dark  bodies  have  been  seen  cross- 
ing the  Sun  which  were  doubtless  comets.  No  change  in  the  posi- 
tion of  the  shade  could  be  detected  after  three  hour?  watching"*. 

These  words,  I  think,  clearly  express,  and  they  certainly  were 
intended  to  convey  the  idea,  that  1  had  effectually  resisted  the 
conviction  that  what  I  saw  was  a  shadow,  and  that  1  knew  it  could 
not  be  the  shadow  of  any  known  body ;  and  to  place  this  beyond 
doubt  I  added  the  words,  **  No  change  in  the  position  of  the  shade 
could  be  detected  after  three  hours'  watching.  Yet  Mr.  Proctor, 
in  an  absurd  argument,  endeavours  to  prove  that  I  thought  this 
dark  shade  on  the  Moon  was  the  shadow  of  some  body  nearly  as 
lar^  as  the  Moon ;  and,  in  the  effort  to  make  the  facts  suit  his 
sh^ow  explanation,  he  even  goes  so  far  as  to  tell  me  that  I 
exaggerated  what  I  did  see,  although  he  had  no  means,  except  from 
my  description,  of  knowing  what  I  saw,  and  was  for  that  reason 
incompetent  to  correct  me.  One  would  have  expected  a  writer  who 
has  had  so  much  to  do  with  the  observations  of  other  people,  and 
who  knows  the  danger  of  twisting  them  to  suit  a  theory,  to  hesi- 
tate before  doing  so  in  this  instance. 

How  Mr.  Proctor  could  venture  to  charge  me  with  ignorance  of 
the  commonplace  fact  he  offers  as  the  explanation  of  the  dark  shade, 
I  am  at  a  loss  to  conceive,  unless  it  was  because  the  article  had 
to  be  written  in  keeping  with  its  heading,  and  the  probability 
amounted  almost  to  a  certainty  that  any  such  statement  published 
in  an  evening  paper  in  London  would  never  be  seen  by  me  in  this 
out-of-the-way  place,  and  therefore  would  not  be  contradicted. 

In  order  to  clear  the  way  for  any  future  attempt  of  his  to  ex- 
plain the  dark  shade,  I  may  here  say  that  for  nearly  twenty  years 
I  have  been  familiar  with  the  fact  that  there  was  an  apparent 
shade  over  part  of  the  old  Moon,  and  with  its  appearance  as  seen 
through  a  telescope ;  and  since  1864  I  have  known  its  effect  upon 
the  photographic  plate,  which  is  so  well  marked  in  every  good  set 
of  lunar  photographs. 

Further,  what  I  saw  when  on  the  mountains  was  darker  and 
remarkably  different  from  any  thing  of  the  sort  I  had  seen  before ; 
and  when  I  mentioned  the  fact  as  one  of  those  observed  at  Wood- 
ford, I  carefully  avoided  any  attempt  to  explain  the  cause  of  what 
I  saw,  and  I  did  not  think  it  necessary  to  tell  the  readers  of  an 
astronomical  paper  that  I  knew  there  was  a  sHght  shade  over 
part  of  the  old  Moon.  It  did,  however,  occur  to  me  that  the  shade 
in  question  might  vary  in  intensity,  and  that  therefore  what  I  saw 
should  be  recorded. 

Mr.  Proctor  says  "  the  phenomenon  is  one  in  which  we  terres- 
trials are  very  considerably  interested,  for  what  happens  on  the 
Moon  in  this  way  may  at  any  time  happen  to  the  Earth." 

*  '  ObBeryatory/ No.  23,  p.  375.  "Notes  of  an  ABtronomioal  Bzperiment 
made  on  Uie  Blue  Mountains,  near  ^3rdney,  N.S.W." 
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Precisely  so ;  and  I  am  sure  he  does  not  need  to  be  reminded 
that  such  phenomena  have  happened  on  the  Eartii — ^witness  the  drj 
foffs  of  1783,  1831,  and  others  which  might  be  mentioned,  quite 
thick  enough  to  hide  all  terrestrial  features  under  them  from  aa 
observer  outside  the  Earth,  and  these  remained  stationary  not  for 
hours  only  but  for  weeks  in  spite  of  strong  winds.  Whether  ihej 
would  all  have  appeared  from  outside  the  earth  dark  as  a  shadow 
is  doubtful,  for  they  may  have  reflected  light  as  clouds  do ;  but  it 
is  certain  they  were  thick  enough  to  hide  all  terrestrial  features 
under  them,  and  in  some  cases  there  seems  to  be  no  doubt  that 
they  were  like  dark  shadows  over  parts  of  the  Earth. 

I  am,  Sir,  yours  faithfully, 

Sydney  ObBerrfttory,  H.  C.  BUSSBLL. 

1879,  July  17* 

^HercuUs. 
Sib,— 

Would  one  of  your  readers  kindly  inform  me  as  regards 
this  well-known  double : — 
(i)  Whether  any, attempt  has  been  made  to  obtain  its  parallax? 
(2)  Whether  spectroscopic  obseryations  have  established  any 
pro{)er  motion ;  and,  if  so,  whether  any  difEerence  has  been  dete^ 
ted  in  the  line-displacement  of  the  two  component  stars  ? 

I  am.  Sir,  yours  &itiifully, 
York,  1879.  Sept.  aa.  J.  EDMUin)  ClABK. 

[From  spectroscopic  observations  of  (  Herculis  recently  made  at 
Greenwich  on  two  nights,  the  motion  in  the  line  of  sight  would 
appear  to  be  about  25  miles  a  second  receding.  This  is  to  be  ti^en 
as  referring  to  the  brighter  star,  the  comes  being  too  faint  to  bear 
the  dispersive  power  required  to  determine  the  motion. — Ed.] 


NOTES. 

The  Astbo-Phtbioal  Obsbbvatort  at  Potsdam. — ^The  Astro- 
nomische  G^sellschaft  has  just  concluded  a  very  successful  meeting 
(the  8th)  at  Berlin.  Professor  Eriiger  presided,  and  about  sixty 
astronomers  from  Sweden,  Norway,  Holland,  Bussia,  England, 
and  Germany  were  present.  Many  thanks  are  due  to  the  resident 
astronomer  at  Berlin,  Professor  Forster,  for  his  untiring  ener^^. 
Professor  Kriiger  has  been  re-elected  president,  and  the  meetmg 
for  1881,  it  is  settled,  shall  take  place  at  Strassburg. 

One  interesting  event  in  connection  with  the  meeting  just  over 
was  what  may  be  regarded  as  the  formal  opening  of  the  new  obser- 
vatory at  Potsdam.  This  observatory  has  been  specially  designed 
and  fitted  up  for  the  study  of  astronomical  physics,  and  is  wonder- 
fully perfect  in  its  arrangements. 

Situated  at  a  height  of  about32o  feet  above  thesea-levd,  on  the  top 
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of  a  pine-clad  hill  oyerlookiiig  Potsdam  and  its  pictoresque  sur- 
roundings, the  observatory  commands  a  magnificenuy  uninterrupted 
view  on  all  sides.  No  smoke  there.  No  disturbing  vibrations. 
No  noise  and  clamour  and  traffic  of  streets.  There  there  are  clear 
heavens.  There  there  is  great  calm.  There  there  are  the  songs  of 
the  morning  stars.  The  observatory  has  been  built  by  the  Govern- 
ment, and  eveiT  thing  has  been  done  to  render  it  as  efficient  for 
work  as  possible. 

Prof.  Yogel  and  his  colleagues  are  provided  with  charming 
homes  in  the  observatory  grounds;  passing  these,  we  reach  the 
observatory  itself.  It  is  a  rather  low,  flat-roofed,  extended  building 
of  somewhat  oblons  form  with  three  domes — one  larger  one  with 
a  diameter  of  33  feet ;  two  smaller  ones,  each  with  a  diameter 
of  23  feet.  ThQ  material  employed  in  the  structure  is  brick 
of  various  colours  relieved  with  bands  of  encaustic  tiling.  The 
general  exterior  effect  is  most  artistic ;  and,  indeed,  it  mav  be  re- 
marked here  that  throughout  the  interior  as  well  the  artistic  has 
never  been  lost  sight  of. 

And  this  is  as  it  should  be ;  for  surely  it  is  a  mistake  to  suppose 
that  art  and  science  are  unrelated  to  each  other.  Science  deals 
with  laws  I  art  is  dependent  upon  laws ;  and  all  laws  are  linked  in 
wondrous  chain  of  interaction.  The  fundamental  laws  which 
shape  celestial  orbits  have  harmonics  in  the  right  proportions  of 
arch  or  dome,  or  hall. 

Prof.  Yogel  and  his  colleagues  are  each  provided  with  separate 
studies  and  with  separate  laboratories ;  and  these  last  are  fitted 
most  completely  and  conveniently  for  spectrum  analysis,  and  for 
photography  and  chemistry.  There  are  also  a  library,  workshops, 
and  a  ooimdl-room.  A  6-horsepower  gas-en^e  in  the  basement 
is  intended  to  drive  a  Siemens's  dynamo  machine. 

In  the  large  dome  is  erected  a  new  refractor — ^the  objective,  of 
1 1*8  inches  aperture,  being  the  work  of  Schroder,  while  the  beau- 
tifully-finished mounting  comes  from  the  workshops  of  Bepsold. 

In  one  of  the  smaller  domes  there  is  an  8-inch  r^ractor  by  Grubb, 
and  in  the  other  a  6-inch  refractor  by  Steinheil. 

These  few  lines  sketch  in  a  general  way  the  principal  features  of 
the  new  Potsdam  observatory ;  but  it  is  not  easy  to  convey,  without 
entering  into  very  minute  details,  an  idea  of  the  elaborate  complete- 
ness of  all  its  various  parts. 

It  is  told  in  northern  story  that  Thor  crossed  to  the  cloud-walled 
palace  of  Odin  AUvater  by  a  rainbow.  In  this  lovely  myth  may 
we  not  read  something  of  the  power  of  the  spectrum  as  a  bridge  to 
the  unknown  ?  We  cannot  vnsh  the  Potsdam  astronomers  letter 
than  that  the  deeper  spirit  of  this  myth  may  rest  upon  tJiem,  and 
that,  crossing  again  and  again  by  this  bridge,  they  may  bring  trea- 
sures from  those  dimly  seen  lands  which  stitch  so  infinitely  around 
our  little  and  partial  knowledge.  M.  L.  H. 

Beriin,  1879,  Sept 
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The  Pobt-Wobth  Eoumb  Btpedition,  1S78.— The  party  which 
observed  the  Eclipse  of  1878,  July  29,  at  Port  Worth,  Texas,  con- 
sisted of  Messrs.  Leonard  Waldo  and  Willson,  of  Harvard  CoUege 
Observatory,  Prof.  Bees,  Mr.  Polsifer,  and  Mr.  Seagrave,  besides 
local  volunteer  observers.  The  Beport  of  their  observations  is 
now  published  under  Mr.  Leonard  Waldo's  editorsbip.  Their 
instruments  comprised  two  5-inch  refractors,  a  4-inch,  two  3-inch, 
and  smaller  telescopes ;  a  Browning  spectroscope  with  dispersive 
power  of  ten  prisms,  a  direct-vision  spectroscope,  and  a  spectro- 
scope with  two  large  prisms ;  transit  instruments  and  chronometers ; 
three  photographic  cameras,  pohiriscopes,  &c. 

Eight  sketches  of  the  corona  were  made  by  as  many  different 
persons,  and  four  of  these,  which  have  been  selected  for  publication 
together  with  Mr.  Willson^s  and  Prof.  Lockett's  drawings,  present 
considerable  diversity  in  detail,  though  they  agree  in  showing  the 
outer  corona  to  be  much  elongated  tJong  the  ecliptic,  and  narrower 
ttian  the  Sun's  diameter  in  the  transverse  direction.  The  inner 
corona  was  seen  as  an  annulus  all  round  the  Sun,  three  times  as 
bright  as  the  wings  or  rays  of  the  outer  corona. 

Mr.  Willson,  observing  with  a  3-iach  telescope,  represents  a 
more  complex  outline,  with  two  rounded  masses  on  ttie  southern  side 
reaching  13'  from  the  Moon's  limb,  and  much  brighter  than  the  wings 
of  the  outer  corona,  extending  in  the  transverse  direction  to  45'  or 
more  from  the  limb.  Mr.  WaJdo  considers  Prof.  Lockett's  drawing 
to  be  a  capital  representation  of  the  corona  as  he  saw  it  himself  with 
the  naked  eye.  The  four  contacts  and  the  duration  of  totality 
were  noted  by  several  observers,  and  a  large  portion  of  the  Beport 
is  devoted  to  the  determination  of  the  longitude  and  latitude  of  the 
station.  Passing  over  this,  we  come  to  the  reports  of  the  several 
observers. 

Mr.  Leonard  Waldo  superintended  the  photography,  assisted 
by  a  local  photographer.  Three  cameras  were  employed,  but  they 
were  none  of  them  provided  with  equatoreal  motion,  and  had 
merely  a  rough  movement  in  zenith-distance,  without  any  in  azi- 
muth, so  that  the  details  on  the  photographs  are  to  a  great  extent 
obliterated  by  the  Sun's  motion.  In  the  first  camera  the  back-com- 
bination of  a  Dallmeyer  lens  was  used,  having  a  focal  length  of  48 
inches,  and  with  this  three  photographs  were  taken  with  exposures 
of  60',  65*,  and  17*  respectively,  showing  the  corona  extending  to 
a  distance  of  25'  from  the  Sun's  limb,  at  about  pos.-angle  120°  and 
300°.  (The  pos.-anffle  of  the  ecliptic  was  about  105^  and  285°.) 
A  number  of  stri»  also  are  shown,  which  represent  either  promi- 
nences or  a  greater  intensity  of  coronal  light,  and  Mr.  Waldo  has 
taken  much  pains  to  determine  their  approximate  position-angles. 
Owing  to  the  absence  of  any  indication  of  the  four  cardinal  points 
on  the  published  photograph  it  is  not  easy  to  identify  these ;  but 
the  mattor  b  of  less  importance  as  prominences  can  be  mapped  with 
much  greater  ac^racy  by  ordinary  spectroscopic  observation  without 
an  eclipse.    It  would  seem,  after  making  allowance  i(x  the  elonga 
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tkm  caused  hj  tiie  Sun's  motion,  that  liie  greatest  extension  of  the 
corona  as  photographed  was  along  tiie  ecliptic.  The  other  two 
cameras  had  portrait-lenses  with  foi-refracting  prisms  placed  between 
the  lenses,  so  that  in  the  one  the  two  images  were  in  a  nearly  hori- 
zontal line,  and  in  the  other  in  a  nearly  yertical  line.  A  pho- 
tograph was  taken  with  each,  the  exposure  being  145'.  One 
of  these  is  badly  defined  and  o?erexposed,  and  none  of  the 
dlQerences  in  the  two  images  can  with  certainty  be  ascribed  to 
pcdartzatum ;  bat  the  other,  with  less  separation  of  the  images, 
18  &irly  sharp;  and,  from  an  examination  of  the  two  images, 
Prof.  Pickering  concludes  that  tangential  polarization  of  the  light 
of  the  corona  is  shown.  From  this  conclusion,  however,  Dr. 
Hastings  dissents,  and  thus  the  question  remains  unsettled.  In 
the  record  of  his  eye  observations,  Mr.  Waldo  notes  that  he  saw 
flitting  shadows  moving  swiftly  towards  the  east  aud  south-east. 
These  might  be  about  100  feet  apart,  occurring  three  in  a  second. 
Also  after  second  contact  he  records  a  minute  point  of  light  sepa- 
rated from,  but  in  a  line  wii^,  a  prolongation  of  one  of  the  Sun's 
cnsps.  He  adds,  *^  1  do  not  know  whether  this  is  a  phenomenon 
similar  to  that  which  produces  ^  Bailjr's  beads '  or  not. 

Mr.  Willson  observed  with  a  3-inch  by  Secretan,  using  an  in- 
verting eyepiece,  power  45,  in  which  was  a  glass  plate  riiled  with 
concentric  circles  6'  apart,  divided  into  arcs  of  45°  by  radiating 
lines.  At  first  he  observed  the  corona  with  a  red  shade,  which  he 
had  forgotten  to  remove.  The  shade  absorbs  all  rays  beyond  1350 
of  KirchhofTs  scale  and  only  transmits  0*4  percent,  of  the  rays  at 
D,  2' I  percent,  of  those  at  C,  9*5  per  cent,  of  those  at  B,  and  17*6 
per  cent,  of  those  at  A.  With  it  the  Moon  appeared  surrounded 
by  a  faint  ^ow,  perfectly  uniform  in  structure,  and  dimimshing  in 
brightness  rapidly  and  regulariy  outwards  to  a  pretty  well-defined 
limit  about  4'  or  5'  from  the  lunbs.  On  removing  the  shade,  15* 
after  commenc^nent  of  totality,  the  light  of  the  corona  was  found 
to  vary  considerably  in  different  parts,  and  its  outlines  were  well- 
defined,  but  very  irregular.  On  the  south  side  were  two  rounded 
masses  of  pale  roa^  light  like  cumulus  cloud,  at  pos.-angles  230° 
and  180^  reckoned  from  the  north  pole  of  the  Sun's  axis,  reaching 
about  13'  from  the  Moon's  limb.  On  the  opposite  side  was  a 
bight  buid,  with  its  edge  paraUel  to  a  tangent  at  the  N.  pole. 
Mr.  Willson  found  no  trace  of  granulated  or  striated  struc- 
ture, and  nothing  whatever  of  the  nature  of  streams  or  rays 
in  these  portions.  In  the  direction  of  the  solar  equator  there  was 
a  very  mudi  fainter  light  on  each  side,  perhaps  with  a  tinge  of 
green,  conveying  a  very  decided  impression  that  it  was  of  a  totally 
di&rent  chiuracter  from  the  other  portions  of  the  corona.  On  the 
preceding  side  tiiis  light  was  traced  certainly  more  than  45'  from 
the  limb.  The  prominences  seen  were  of  a;  pale  pink  and  not  of  a 
ruby  colour  as  Mr.  Willson  had  expected. 

Professor  Bees,  observing  vnth  a  5-ineh,  saw  faint  dots  of  light 
almost  like  faculte  at  each  cusp  before  totality.    The  corona  was 
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silyer-grey  and  win^-shaped,  the  wings  lying  in  the  ecliptic.  The 
wing  on  the  preceding  side  was  indented  at  40'  from  the  limb,  on 
the  following  side  it  extended  further.  The  light  of  the  wings 
appeared  made  up  of  rays  parallel  to  the  ecliptic 

In  the  two-pnsm  spectroscope  a  continuous  spectrum  without 
bright  lines  was  seen,  witk  a  slit  '025  mm.  in  width.  On  opening 
the  slit  to  *  1 27  mm.  the  same  appearance  was  presented,  except 
that  dark  lines  (0,  D,  and  others)  were  noticed. 

Mr.  Pulsifer  used  his  Browning  ten-prism  spectroscope  mounted 
on  a  4-inch  Alvan  Clark  refractor,  and  with  the  slit  tangential  ob- 
served the  reversal  of  the  Eraunhofer  lines  at  the  commencement 
of  totality.  From  the  length  of  these  lines,  which  only  readi  one 
third  across  tbe  spectrum,  the  tangential  thickness  of  the  reversing 
layer  was  found ;  and  from  this  Mr.  Pulsifer  infers  its  minimum 
height  above  the  Sun's  photosphere  to  be  524  miles.  The  C  line  was 
not  shortened  like  the  others,  but  extended  right  across  the  spectrum. 

Mr.  Seagrave  noted  one  bright  line  quite  faint  and  not  very 
well-defined  in  the  spectrum  of  the  corona,  making  use  of  a  ten- 
prism  Browning  spectroscope,  mounted  on  a  5-inch  refractor. 
Without  the  spectroscope  he  saw  the  inner  corona  form  on  the 
n.  p,  side  of  the  Sun  about  30*  before  totality. 

The  Beport  of  the  Fort- Worth  Expedition  is  a  most  valuable 
contribution  to  our  knowledge  of  Solar  Physics,  and  testifies  to 
tiie  energy  and  ability  of  all  who  took  part  in  the  observations. 
Perhaps  the  results  arrived  at  would  have  been  more  readily 
appredated  if  the  drawings  had  all  been  carefully  oriented  in  the 
same  way,  and  the  position  of  the  Sun's  axis  had  been  marked  on 
each«  As  is  usual  m  eclipse  reports,  there  is  a  good  deal  of  con- 
fusion in  this  respect,  and  the  position-angles  are  given  with 
respect  to  the  vertex,  without  reference  to  the  ecliptic  or  solar 
equator.  For  the  convenience  of  the  reader,  we  have  converted 
the  angles  as  given  into  position-angles  reckoned  from  the  N.  pole 
of  the  Sun's  axis  in  the  direction  nfsjp. 

The  IJnitbd-States  Naval  Obsbrvatoby,  Washington,  will 
gratefully  receive  for  its  library  separaie  copies  or  reprUuts  oi 
memoirs  published  in  the  Transactions  of  Societies  or  in  journals. 
The  volumes  of  Transactions  are  regularly  received,  but  often  many 
months  after  the  appearance  of  the  reprints  of  particular  papers, 
which  are  therefore  espedaUy  valued.  It  is  also  requested  that 
all  communications  of  this  nature,  and  correspondence  relating  to 
them,  may  be  addressed  to  "  The  Library,  TJ.S.  Naval  Observatory, 
Washington,  U.S.A." 

Agen&  of  the  Smithsonian  Institution  abroad  will  receive  large 
parcels  for  transmission.  The  smaller  ones  will  be  received  more 
quickly  if  they  are  sent  by  mail. 

As  far  as  possible,  the  publications  of  the  Observatory  will  be 
distributed  to  aJl  working  astronomers. 

John  IU)i>e£BS,  Bear-Admiral,  U.S.N.,  Superintendent, 
WMhington,  Aug.  18,  1S79. 
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M.  Stbutb,  who  has  just  returned  firom  a  yisit  to  America  to  in- 
spect the  26-inch  Washington  refractor,  has,  we  understand, 
authorized  Messrs.  Alyan  Clark,  the  makers  of  that  instrument, 
to  supply  a  30-inch  object-glass  for  the  Pulkowa  Observatory,  for  a 
sum  of  32,000  dollars ;  and  Mr.  Alvan  G.  Clark  has  come  over  to 
England  to  make  arrangements  for  procuring  the  disks  of  glass. 

Two  new  Minor  Planets,  Nos.  202  and  203,  were  discovered  by 
Prof.  Peters  at  Clinton,  New  York,  on  Sept.  21  and  Sept.  25  re- 
spectively* Editob. 


Elements  and  B^hemeris  of  Paliac^a  Cometh  1879  ^** 
By  S.  C.  Chandleb,  Jun. 
The  comet  whose  discovery  by  Palisa  was  telegraphically  announced 
on  the  23rd  of  August  was  easily  found  on  the  evening  of  that 
day  with  a  telescope  of  3  inches  aperture.  It  appeared  as  a 
round  bright  disk,  about  two  or  three  minutes  of  arc  in  diameter. 
From  observations  obtained  on  several  evenings,  as  yet  only 
provisionally  reduced,  I  have  calculated  the  following  elements  of 
the  orbit : — 

Perihelion  Passage,  1879,  October  4*351.    Washington  M.T. 

O  I 

Long.  Perihelion,  ao2  23*6  1 

Long.  Node,  87  12*0  j-  Mean  Eq.  1879*0 

Inclmation,  77    4*9] 

Log.  Perihelion  Distance,  9*99697. 

Motion,  Direct. 

The  following  finding  ephemeris  will  be  convenient  for  picking 
up  the  comet : — 

Ephemeris  for  Washington,  Midnight. 

Deo.      Log.  r.      Log.  A.    Light. 


1879. 

h  m  8 

Sept.  30 
Oct.  2 

.  14  II  12 

20  20 

4 

29  6 

8 

16  , 
Nov.  I  . 

45  35 
.  IS  15  8 
.  16  4 

+  24  20  9*9979  '20 1 2  *4oo 
22  18 

20  16  9*9970  '2063  "39^ 

16  12  9*9981  '2134  "378 

+  8  24  0-0076  -2335  '330 

—  70  0*039  '283  '227 

The  comet  will  be  nearest  the  earth  about  the  24th  of  September, 
and  will  be  brightest  about  the  30th.  It  is  now  easily  visible  in  a 
very  small  telescope  and  will  continue  so  for  several  weeks  to 
come.  

TTie  SaieUiUs  of  Mars. 
Thb  following  are  the  Greenwich  Mean  Times  of  elongation  E.  or 
W.  of  the  outec  satellite  Deimos,  derived  from  the  data  given  in 

*  From  the  *  Soienoe  Obewrrer/  1879,  Sept, 
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SatelHtes  of  Mars  and  Satum.  [No.  SO. 


Prof.  Asaph  Hall's  memoir  (c/. 

'C 

)bserva1 

bory/  VoL  iL  No. 

p.  230)  :— 

Elongations : — ^Poe.-angle  S3 

or  233' 

\    Distance  67". 

aM.T. 

GLILT. 

h. 

h. 

Oct.  10   ....     i4"9  p 

Oct 

.21   ....       8-4/ 

11   6'of 

22   ....     14-7/ 

12    12*3/ 

23  ....       5*9 i> 

13   ....     18-6/ 

24    ....       12-2  Jp 

14  ....       9-8p 

25  ....     X8-SJP 

15   i6-ijp 

26 9*6/ 

16 7-2/ 

27   ....     15-9/ 

17   ..-.     13-5/ 

28  .. ..       7'ijp 

18  ....     198/ 

29  .   ..     13-4 jp 

19  ....     irop 

30  ....     1970 

31   IO-8/ 

20  ....    irsp 

i9f 


The  satellite  revolves  in  i*  6*'3o  ;  thus  the  elongation  jp  occurs 
at  2 1**' 1 5  on  Oct.  II,  1 5*' 1 5  after  the  elongation  /and  similarlj 
in  other  cases.  The  semi-minor  axis  of  the  apparent  ellipse  is  about 
^3"'S  ;  <^<1  the  semi-diameter  of  the  planet  being  about  11  "*5,  the 
satellite  passes  2"  N.  of  the  limb  at  inferior  conjonction,  and  2" 
S.  at  superior  conjunction,  moving  in  tiie  direction  npsfy  since 
the  S.  pole  of  Mars  is  turned  towards  us.  [Pos.-angle  of  Axis  of 
Mars  143*^,  Lat.  of  centre  of  Disk  12®  S.  on  Oct.  31,  according 
to  Mr.  Marth's  ephemeris,  'Monthly  Notices,'  1879,  June.] 

On  Sept.  21,  about  15**,  three  vreeks  before  the  date  when  ^Prof. 
Hall  expected  it  to  be  visible  in  the  Washington  26-inch  refractor, 
Mr.  Common  picked  up  the  outer  Satellite  with  his  new  3-feet 
silver-on-glass  reflector,  of  which  he  has  given  a  description  in  the 
present  Number.  At  15**  43"  the  pos.-angle  was  237®  27'  or  4® 
from  elong.  p^  idiich  would  therefore  fail  about  i7''7,  whereas 
Prof.  Hall's  ephemeris  would  place  it  at  about  16*^*4.  According 
to  Mr.  Common's  observation,  therefore,  i**'3  should  be  added  to 
the  times  of  elongation  given  above.  Prof.  Hall  had  estimated  the 
prob.  error  of  his  ephemeris  at  2^*6  of  longitude,  corresponding 
to  13™  in  the  times  of  elongations  &c. 

With  regard  to  the  inner  satellite  Phobos,  the  prob.  error  is  so 
great,  viz.  36^-5  in  the  longitude,  that  «a  ej^emeris  could  not 
be  relied  upon  even  for  finding  the  satellite. 

Satellites  of  Saturn*. 
LoKGiTimES  of  the  five  inner  satellites  reckoned  from  superior 
conjunction  with  the  planet's  centre ; — 

G-reonwioh  Noon.        Mimas.  EnceL     Tethys.    Dione.      Bhea. 


Oct. 


2 69-4    181-3    245*^     193*2      9^*5 

7---     1796      5S'3     "9'4    i3i'a     i37"3 
*  From  an  Bphemeris  by  A  Kftrth,  Astron.  Naohr.  "No,  1273. 
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Greeowleh  Hoon.        mam.  EnoeL     T^j%.    Dione.      Bhea. 

O  O  O  O  O 

Oct.  12....       289-9      289-3      353-3        69-2      176-1 
17....         40-1      163-3      227-1  7-2      214-9 

22 150-3         37-3      100-9      305*^      253-7 

27  .•..     260-5  271-2  334-7  243'2  292-4 

Nov.  I  ....       IO-6  145*1  208-5  181-2  331*2 
Motion  in  longitude 

fop  I  day....     382-0  262-8  190-8  131-6  79-8 

2  days 764-1  525-6  381*5  263-2  159-5 

3  „    ....    1146-1  788-4  572*3  394*8  239-3 

4  „    ....   1528-2  1051-2  763-0  526-4  319-0 

5  „    1910-2  1314*0  953*8  658*0  398*8 

Semiaxes  of  orbits  : — 

Major       a....     3o"-3     38"-8     48"-i     6i"-6     86"-o 
Minor      6....       4-4       5-7       7  'o       9  -o     12  -5 
The  values  of  the  longitudes  are  to  be  interpolated  for  the  time 
for  which  the  places  of  the  satellites  are  required  by  help  of  the 
motions  in  longitude  for  i,  2,  3,  4,  or  5  days. 

[By  taking  ^(s  of  these  quantities  respectively,  the  motions  for 
2-4,  4*8,  7'2,  9*6,  and  12-0  hours  are  obtained  at  sight.] 

The  rectangular  coordinates  x  and  y  (in  seconds  of  arc)  for  any 
satellite,  reckoned  parallel  to  the  axes  of  the  ring,  are : — 
XTsa  Sin  Long.  y^h  Cos  Long. 


Astronomical  Memoranda,  1879,  November. 

8un.  Nov.  I,  sets  4**  32",  rises  18^  57";  Novw  30,  sets  s^  53*  rises 
19^46". 

Equation  of  time: — Sun  More  clock,  Nov.  i,  16"  i8';  Nov.  it, 
15"  52";  Nov.  21,  14°*  I*;  Bee.  i,  10"  52*. 

Sidereal  Time  at  Mean  Noon: — ^Nov.  i,  14^  4i"-6;  Nov.  11, 15' 
2i"-o  ;  Nov.  21,  i6*»  o"*-5  ;  Dec.  i,  16**  39"*9. 

Moon.  Last  Quarter,  Nov.  6,  17**  55" ;  New,  Nov.  13,  12^  38"; 
First  Quarter,  Nov.  20,  6^  55";  Full,  Nov.  28,  8»»  57". 

Occultations : — Nov.  4,  n**  i"*  ^  Gtemin.  Oc.  D.  140^  ii**  37" 
i  Gemin.  Oc.  E.  208°,  16**  32"  6^  Qemin.  Oc.  B.  243°;  Nov.  7,  15** 
5«  B.A.C.  3398  Oc.  E.  292°,  16^  40"^  B.A.C.  3407  Oc.  E.  277%  18^ 
6-  X  Leonis  Oc.  E.  267°;  Nov.  8,  13*^  38"*  34  Sextantis  Oc.  E. 
210'';  Nov.  10,  17**  37"  q  Virginis  Oc.  E.  176°;  Nov.  18,  6^  36" 
«T  Capric.  Oc.  D.  98°;  Nov.  22,  7**  55"  16  Piscium  Oc.  D.  149°; 
Nov.  23,  10^  57"  45  Piscium  Oc.  D.  85'';  Nov.  26,  8**  24"  ft  Arietis 
Oc.  D.  102°;  Nov.  27,  ii*^  34"  9  Tauri  Oc.  D.  137°;  Nov.  28,  8*' 
i8"  62  Tauri  Oc.  D.  72'';  Nov.  29,  16^  32"  118  Tauri  Oc.  E. 
193°;  Nov.  30,  lo*"  19"  5  G^emin.  Oc.  E.  242^  The  angles  at  dis- 
appearance (D.)  and  reappearance  (E.)  are  reckoned  from  the 
apparent  N.  point  towards  the  right  hand  round  the  Moon's  cir- 
cumference as  seen  in  an  inverting  telescope. 
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Mercury  is  an  eyening  star,  ab  greatest  elongation  E.  (21^  56') 
on  Nov.  21,  when  he  sets  in  the  S.W.  about  i  hour  after  tiie  Sun. 
Venus  is  a  morning  star  approaching  greatest  elongation  (on 
Dec.  4).  She  is  in  conjunction  with  6  Yirginis  and  2'  S.  of  the  star 
on  Nov.  25  at  4^  The  illuminated  portion  of  the  disk  is  0*130  on 
Oct.  15  and  0*388  on  Noy.  15,  and  the  corresponding  diameters 
48"*9  and  3o"*6. 

Noy.  I,  E.A.  11^  49"**7  Dec.  0°  19'  S.,  tr.  21^    7",  rises  15^    5". 
Noy.  30,         13   21  '6  6    22  S.,       20  46  15   16 

Mars  is  in  opposition  on  Noy.  12,  retrograding  from  Taurus  to 
Aries.    His  diameter  is  23^*0  on  Noy.  i  and  2o''*4  on  Noy.  30. 
Period  of  rotation  i**o2S=i*  o^'6o. 

Noy.  I,  E.A.  3**  27--6,  Dec.  18^  22'  N.,  tr.  i2»^  43". 
Noy.  30,        2  47  '9,  17    13  N.,        10    ro 

Jtipiter  is  an  eyening  star,  in  quadrature  on  Noy.  26.  He  is  in 
conjunction  with  a  Aquarii  and  2'  S.  of  the  star  on  Noy.  20  at  o*^. 
His  diameter  is  4i"*2  on  Noy.  i  and  37"-5  on  Noy.  30. 

Daily  rate  of  rotation  87o*^*6oas2'  iso°'6o. 
Noy.  I,  EJL.  22^  2i"-2,  Dec.  ii*"  41'  S.,  tr.  7*»  38"  sets  i2*»  42». 
Noy.  30,        22  27  's,  10    59  S.,       5   5^  »        10    5^ 

Jvjnter^s  SaUiUUesi—lifoY.  i,  8*»  32"  ii.  Tr.  I.,  11^  24»  ii.  Tr.  E. ; 
Noy.  2,  8»»  3o»  iy.  Tr.  I. ;  Noy.  3,  8»»  o"*  ii.  Ec  E. ;  Noy.  6,  9^  57- 
i.  Tr.  L ;  Noy.  7,  7»»  17"  L  Oc.  D.,  8*»  20"  iii.  Oc.  E.,  10^  7"  iiL 
Ec.  D.,  io»»  51"  i.  Ec.  E. ;  Noy.  8,  6^  45-  L  Tr.  E.,  ii*»  3"  ii.  Tr. 
L ;  Noy.  9,  5^  20"  i.  Ec.  E.;  Noy.  10,  5^  12"  ii.  Oc.  D.,  lo"*  37" 
ii.  Ec.  E. ;  Noy.  11,  7^  39"^  iy.  Ec.  E. ;  Noy.  14,  &"  38-  iii.  Oc.  D., 
g^  II*  i.  Oc.  D. ;  Noy.  15,  6^  19"  i.  Tr.  I.,  8**  38*  i.  Tr.  E.;  Noy. 
16,  7*»  16"  i.  Ec.  E. ;  Noy.  17,  7**  45"  ii.  Oc.  D. ;  Noy.  19,  s^  47" 
ii.  Tr.  E.,  6^  20"  iy.  Tr.  E.;  Noy.  22,  S^  13"  i.  Tr.  L;  Noy.  23, 
S^  34"  i.  Oc.  D.,  9'*  II-  i.  Ec.  E. ;  Noy.  24,  s^  i"  i-  Tr.  E. ;  Noy. 
25,  6»»  i5«  iii.  Tr.  E.;  Noy.  26,  s^  3o"  ".  Tr.  L,  S^  23"  ii.  Tr.  E.; 
Noy.  27,  o*»  4-  iy.  Oc.  D.;  Noy.  28,"  5^  10-  ii.  Ec.  K.;  Noy.  30, 
1^  3o»  i.  Oc.  D. 
Saturn  is  in  Pisces,  nearly  stationary. 

Noy.    I,  E.A.  o*»  42*-4,  Dec.  i**  37'  N.,  tr.  9^  59",  sets  16**  ii". 
Noy.  30,  o  37  '5,  112  N.,       80  14   ro 

Oater  BiDjg.  Inner  King.  Ball. 

Mig.  Ads.    Mb.  Ads.    Mig.  Axis.    Min.  Ads.     BUm. 
Oct.  27...  44"-i4        6"-22         29"-35        4"-i3       i7"-6 
Noy.  16...  4S"'2i         5"-74        28"73        3"'^2       if^z 
The  south  side  of  the  rings  is  yisible,  the  eleyation  of  the  Earth 
aboye  their  plane  being  8°  6'  S.  on  Oct.  27  and  7*  38'  S.  on  Noy. 
16,  and  of  the  Sun  9^  22'  S.  and  9^  40'  S. 
N^twne  is  in  Aries,  in  opposition  on  Noy.  2. 

Noy.    I,  B.A.  2^  35-5,  Dec.  13°  18'  N.,  tr.  11^  52-. 
Noy.  30,  2  32  -5,  13     4  N.,         9  55 

Editor. 
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The  Radiant-point  of  Comet  /.,  1870. 

Sib,— 

With  reference  to  Dr.  Dreyer's  letter  in  the  *  Obserratory '  for 
August,  p.  120,  the  radiant-point  of  Comet  I.  1870,  as  given  in 
Professor  Herschel's  "List  of  the  Radiant-points  of  Comets  '  in  the 
B.  A.  Eeport  for  1875,  p.  233  (and  quoted  by  me  in  the  '  Observa- 
tory,* vol.  ii.  p.  165),  has  been  already  corrected  by  Prof.  Herschel 
in  his  report  on  the  "  Progress  of  Meteoric  Astronomy  during  the 
Year  1878  "  ('  Monthly  Notices,'  vol.  xxxix.  p.  294).  The  theore- 
tical radiant-point  of  this  comet  is  there  given  at  2  5°*  5  +45^ 
instead  of  at  43°* 5  +53*^,  as  in  the  B.  A.  Eeport  above  referred  to, 
and  is  within  a  few  degrees  of  Dr.  Dreyer's  position  at  27°-9  +  48*^*4- 

The  corrected  place  of  the  radiant-point  (N.  of  y  Andromedae) 
accords  fairly  well  with  several  meteor-showers  seen  at  the  end  of 
July  and  early  in  August,  but  the  agreements  may  be  purely  acci- 
dental. The  number  of  known  meteor-radiants  is  now  so  great 
that  they  must  obviously  often  correspond  with  the  dates  and 
positions  of  cometary  radiants,  though  no  physical  conflection  may 
necessarily  exist  between  them.  In  fact,  though  there  are  now  70 
comets  which  present  orbital  resemblances  to  certain  observed 
meteor-streams,  yet  none  of  these  can  be  regarded  as  unquestionable 
agreements*,  except  the  comet-meteors  of  April  20,  Aug.  10,  and 
Nov.  13  and  27.  I  am.  Sir,  yours  faithfully, 

Aahleydown,  Bristol,  W.  F.  DeIWIKG. 

August  2,  1879. 

Jupiter  in  September  1879. 

Sib, — 

On  the  night  of  the  29th  of  September  last  the  sky  was 
unusually  good  for  observing,  and  a  somewhat  carefid  examina- 
tion of  the  surface  of  this  noble  planet  was  made.  No  special  at- 
tention was  paid  to  the  less  striking  colours  of  the  different  bands ; 
but  the  central  coloured  zone  and  the  faint  bands  to  the  north  and 
south  were  looked  at  with  care. 

II**  30™  Q-.M.T. — At  a  glance  it  was  seen  that  the  great  central 
aone  was  not  uniformly  coloured  red.  The  deepest  colour  lay 
along  the  lower  (N.)  edge  of  the  northern  equatoreal  band.  Eest- 
iug  on  the  southern  edge  of  this  band,  and  extending  to  near  the 
lower  edge  of  the  southern  equatoreal  band,  lay  a  rounded  rosy 
cloud,  sloping  down  to  the  northern  belt  to  right  and  left.  The 
space  between  this  and  the  eastern  limb  of  the  planet  was  without 
colour  except  near  the  Hmb,  where  it  was  bluish  perhaps. 

The  "  red  cloud  "  was  seen  as  usual  this  autumn,  and  just  above 
and  in  advance  of  it  lay  four  or  five  faiiitly-colourea  wimall  spots. 

To  the  south  of  the  grand  central  zone  only  two  distinct  bands 
were  seen ;  to  the  north  four,  some  very  faint. 

I  am.  Sir,  yours  faithfully, 
Mr.  Edward  CroasWB  Obaervatory,  JoSBPH  GlEDHILL. 

Bermenide,  Halifax. 

*  Monthly  NoUoee  B.  A.  S.  Vol.  xxxix.  p.  287. 
TOL.  ni.  o 
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The  Bed  Spot  or  Cloud  on  Jupiter. 
Sib,— 

I  see  in  your  October  number  a  notice  from  Prof.  Pritchett 
respecting  the  remarkable  red  spot  which  drew  some  letters  at  the 
beginning  of  the  present  year.  The  first  time  I  turned  the  tele- 
scope on  Jupiter  this  year,  July  24*  12*^8, 1  noted  that  "  the  red 
spot ....  is  brilliant,  dose  to  the  W.  limb,  retaining  all  the  beautiful 
colour."  At  this  time  I  estimated  its  centre  as  being  about  in  long. 
245°.  I  will  now  tabulate  my  observations  as  Prof.  Pritchett  h^ 
done,  adding  the  loug.  +  of  the  centre  of  the  spot. 

Date.       G.M.T.    I^^tp^^  Note«. 

1879.  h    m  o  o 

Aug.    s     12  24    316    250     Spot  close  to  p  limb,  extending 

seemingly  a  quarter  across  thi? 
disk,  ^'  and  now  has  a  light  grey 
trail /oKomn^  it  to  past  the  cen- 
•  tral  meridian." 

„       9     1154     177     265      Spot  just  coming  round /  limb. 
„     12     II 54    273     240     Midway  between  the  central  me- 
ridian and  the  J?  limb.    Definition 
was  very  poor. 
„     29     II  15     291     240     Bed  spot  just  fully  within  the  limb. 
,,     31     120     260     258     Opposition  night.    Eed  spot  has  a 

narrow  red  trail  extending  from 
its  /  side.    Its  central  point  has 
just  past  the  central  meridian. 
Sept.    2     1224    217     275     The  spot  has  just  come  round  the/ 

limb. 
Passing  round  thep  limb. 
Thep  end  of  the  rod  spot  a  little 

past  the  central  meridian. 
Spot  just  fairly  within  the/  limb. 

"  »  *»  9> 

Spot  dose  to  p  limb. 

Spot  midway  between  the  /limb 

and  the  central  meridian. 
Spot  dose  to  the  p  limb. 
Oct.    I     1118     226     275      Spot  just  within  the /limb. 

Spot  approaching  the  j)  limb. 
Midway  between  /  limb  and  central 
meridian.     Suspidons  of  a  fine 
belt  leaving  thep  end  of  the  spot. 
„    II     1042     271     266    Centre  of  the  spot  just  past  the  ^ 

central  meridian.      There  were 
occasional  suspidons  of  streamers 
p  and/. 
„    16     1039     302     262     Approaching  2>  limb. 
After  reading  Mr.  Pritchett's  list  of  observations  it  seems  puzzling  * 
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oertainlj  that  he  missed  the  red  spot.  Befemng  to  his  list  o£ 
estimations  of  times  last  season  when  the  spot  should  have  passed 
the  central  meridian,  the  corresponding  times  prepared  with  the  aid 
of  my  obseryations  are : — 


Spot  netr                           l^pot  near  Spot    .^ 

Dato.             centre.  Bate.            centre.  Date.           centre. 

G.M.T.                              a.M.T.  G.M.T. 

1878.              h    m  1878.             h    m  1878.            h    m 

July  10 1358  Sep.  10. ...  14  14+  Oct.  2.. .  .12  30 

Aug.i5....i3    8  „    20 1220  N0V.2....13  54 

,,31 16    9  ,,22 13  58 

From  the  above  list  it  will  be  noticed  that  the  failures  on  Aug. 
31,  Oct.  2,  and  Nov.  2  are  most  singular.  The  spot  seems  this 
year  to  have  sensibly  deepened  in  tint,  though  not  in  shading.  Its 
present  magnitude  is  enormous,  it  being  at  least  24,200  miles  in 
length,  and  nearly  one  quarter  of  that  in  breadth. 

The  spot  seems  to  be  drawing  a  very  considerable  amount  of 
attention,  observations  being  recorded  and  published  from  places  so 
hx  separated  as  Glasgow,  Missouri,  U.S.A.,  943!^  W.,  and 
Moscow,  37  J°  E. 

I  am.  Sir,  yours  faithfully, 

Sonthampton,  1879,  Oct  18.  FsAinE  C.  Denkett. 

Phenomenon  of  Jupiter^s  Satellite. 
Sib, — 

I  send  you  an  extract  from  a  letter  received  by  me  this 
morning  from  Mr.  B.  Kidd,  Bramley,  Guildford.  It  will  be 
iateresting  to  know  if  other  observers  saw  the  phenomenon. 
The  last  occasion  I  fancy  (I  speak  from  memory)  when  the  retro- 
gression was  noticed  was  by  Admiral  Smyth  a  great  many  years 
ago.  I  am.  Sir,  yours  tndy, 

St.  Bartholomew'B  Vicarage,  N.  S.  GoDFEBT, 

Southsea,  18791  Oct  18. 

"Last  evening  (Oct.  16)  at  8^  37"  to  8*  40"  I  saw  a  novelty,  to 
me.  Jupiter  ii.  Satellite  Occultation.  Disappearance,  with 
Kellner  and  Barlow  about  100  linear  on  6-in.  (of  8|-in.  With- 
Browning).  I  saw  No.  ii.  go  up  to  and  touch  Jupiter's  disk.  Then 
I  changed  eyepiece  for  a  "  C  Browning  about  180 ;  and  I  saw 
Ko.  ii.  again  separated  from  Jupiter,  looking  clean  and  well  de^ed. 
It  went  bebincl  Jupit^er,  and,  to  my  surprise,  I  saw  it  through  the 
planet  for  some  time.  The  moment  I  could  no  longer  see  it,  I 
stepped  to  the  lantern  and  looked  at  my  watch ;  it  was  8*"  40",  or 
3  minutes  after  the  *  Nautical  Almanac'  time.  I  had  compared  my 
watch  at  noon  with  an  expensive  one  just  from  the  makers,  and  to- 
day I  went  to  the  post  office  at  10  a,m.,  and  my  watch  (Dent)  was 
not  I  of  a  minute  wrong."  B.  Kidd. 

1879,  Oct  17. 
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NOTES. 

The  August  Pebseeds. — The  August  meteors  were  duly  watched 
for  at  the  Eoyal  Observatory,  Q^reenwicb ;  but  the  sky  on  the  whole 
was  unfavourable  for  observation.  The  paths  of  207  meteors  were, 
however,  in  all  recorded,  about  one  halt  of  these  being  from  the 
Perseus  radiant,  and  the  remainder  irom  other  radiants.  On 
August  7,  8,  and  13  the  sky  was  overcast :  on  August  9  and  10  it 
was  much  clouded,  and  on  these  nights  27  meteors  only  were  noted ; 
on  August  12  it  was  only  partially  cloudy,  and  52  meteors  were 
seen;  but  on  August  11  the  sky  was  very  fine,  and  128 meteors 
were  observed.  The  distribution  of  meteors  through  the  night  on 
August  II  and  12  was  as  follows: — 

Meteors     Before  io*»  to  ii>»to  i2*»to  13**  to  i^*  to    After  rpotaL 

seen           io*».      ii*».  la**.  13^  I4^  15*^.       15^ 

Aug.  II     ..      o          6          32  32  22  29  7  128 

12     ..      I          9          17  8  10  61  52 

The  following  Table  gives  the  number  of  meteors  classified  ac- 
cording to  their  radiants  and  magnitudes  : — 

Badiant      >-i8tmag.     ist  mag.  2nd  mag.   3rd  mag.  4th  mag.    Totals. 

Te  Persei 7  47  39  6  o  99 

Polaris    o  21  14  i  o  36 

cLacertsB    i  10  6  o  o  17 

^  Andromedae . .  i  7  2  2  i  13 

aPegasi o  7  3  i  o  11 

Uncertain  . .  . .  o  15  16  o  o  31 

Totals ....     9  107  80  10  I         207 

The  observations  were  made  by  Messrs.  Ellis,  Nash,  Oreengrass, 
Hugo  Simmons,  and  A.  Pead,  of  the  magnetical  and  meteorolo- 
giccd  department. 

Obsebvations  of  Mabs  at  Madeira.*. — ^Mr.  Green's  discussion 
of  the  fine  series  of  observations  of  Mars  which  he  made  at  Madeira 
in  1877  has  been  recently  published  in  Vol.  xliv.  of  the  Memoirs 
B.  A.  S.  Mr.  Green  made  41  drawings  in  all  during  the  months 
of  August  and  September,  his  instrument  being  a  13-inch  silver^ 
on-glass  reflector;  and  from  these  12  have  been  selected  for  publi- 
cation, presenting  a  complete  set  of  views  of  the  planet  at  intervals 
of  about  two  hours.  They  have  been  drawn  on  the  stone  by  Mr. 
Green  himself,  and  may  thus  be  relied  on  as  reproducing  his  origi- 
nal drawings  with  as  much  fidelity  as  can  be  obtained  in  lithogra- 
phy. From  the  Madeira  series  of  views  Mr.  Green  has  formed  a 
chart  o£  Mars  differing  in  the  form  of  several  of  the  markings  from 

*  Memoirs  B.  A  S.  YoL  xliy. 
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previous  charts  of  the  planet,  the  changes  being  supported  by  a 
reference  to  the  drawings  of  other  observers  in  1877.  Of  course 
these  changes  have  given  an  opportunity  for  the  introduction  of 
new  names,  17  being  added  to  the  47  already  appropriated.  The 
features  of  Mars  seem  now  to  be  looked  upon  as  prizes  for  the 
successful  competitors  in  the  exhibition  of  drawings  of  that 
planet,  and  we  trust  that  the  industry  of  observers  will  be  greatly 
stimulated  in  the  present  and  future  oppositions  by  the  prospect 
of  earning  immortality  in  perhaps  the  cheapest  way  available.  But 
as  we  can  hardly  hope  that  the  improvement  in  our  powers  of 
vision  will  continue  to  supply  new  features  on  Mars  in  sufficient 
number  to  reward  eager  aspirants  after  fame,  it  might,  perhaps, 
he  well  to  consider  the  seas,  lands,  bays,  &c.  as  challenge-cups  to  be 
held  only  until  a  better  drawing  of  the  particular  feature  was  pro- 
duced. Otherwise  it  is  to  be  feared  that  the  study  of  this  planet 
will  languish  as  soon  as  the  stimulus  now  provided  is  exhausted. 

Mr.  Green  has,  of  course,  only  followed  precedent,  and  he  has, 
on  the  whole,  exercised  his  christening  poweifl  with  moderation ; 
but  the  system  does  not  seem  a  good  one.  Unfortunately  Madler 
hegan  by  attaching  mere  letters  to  the  various  markings,  a  system 
wluch  was  too  severe  a  trial  to  the  memory  to  be  endured;  whilst 
titles  derived  from  fancied  resemblances,  such  as  the  ''  hour-glass," 
the  "  hook,*'  the  "  eye,"  &c.,  varied  with  each  observer's  fancy  and 
led  to  great  confusion  even  in  the  case  of  the  few  markings  to 
which  they  were  applied.  But  if  a  satisfactory  nomenclature  could 
not  be  founded  on  the  neutral  ground  of  classical  mythology,  it  is 
worth  considering  whether  the  canonization  of  living  observers  is 
altogether  decent.  There  would  at  any  rate  be  less  objection  to 
the  apotheosis  of  the  dead.  There  is  another  question  which  sug- 
gests itself  in  looking  through  Mr.  Green's  list  of  names : — Have 
the  oceans  and  seas  and  bays  any  real  existence  on  Mars,  or  are 
they  as  imaginary  as  in  the  case  of  the  Moon?  Certainly 
a  comparison  of  Mr.  Green's  chart  of  Mars  with  a  chart  of  the 
earth  seems  to  show  that  the  Martial  seas  must  be  very  unlike  our 
seas  in  their  action  on  the  land.  On  Mars  the  so-called  continents 
have  rounded  outlines,  whilst  the  seas  reproduce  the  spiky  forms 
of  our  own  continents.  In  our  ignorance  of  the  true  character  of 
the  markings  on  Mars  it  would  be  more  scientific  to  call  them 
simply  "  spots,"  as  we  are  content  to  do  in  the  case  of  Jupiter, 
until  we  have  a  little  more  evidence  to  go  upon. 

Washingtok  Catalogue  of  Stabs. — A  second  edition  of  this 
valuable  catalogue  has  been  published,  in  which  Prof.  Tamall  has 
included  the  observations  in  the  six  years  187 2-1 87 7,  made  with 
the  view  of  completing  the  places  of  stars  which  had  been  in- 
sufficiently observed  in  the  catalogue  as  first  published.  In  the 
course  of  the  work  some  450  new  stars  have  been  added,  and  the 
catalogue  now  comprises  about  11,000  stars,  nearly  all  of  which 
have  been  observed  several  times  in  £.A.  and  N.P.D.  in  the  course 
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of  the  thirty-three  years  of  observation  (1845-187  7)  represented 
by  this  catalogue.  The  value  of  the  work  is  thereby  greatly  inr 
creased,  and  it  may  be  expected  to  prove  of  the  greatest  use  to 
astronomers. 

It  is  with  great  regret  that  we  hear  of  the  sudden  death  of  the 
author  of  this  catalogue  on  February  27  last,  just  as  the  work  was 
completed.  Prof.  Tamall  had  been  for  26  years  Astronomer  at 
the  Washington  Observatory,  and  a  large  majority  of  the  obser- 
vations, together  with  the  whole  of  the  reductions,  were  made  by 
him.  The  completed  volume  only  reached  him,  when  he  was 
already  unconscious,  an  hour  before  his  death.  It  forms,  as  Ad- 
miral Bodgers  justly  observes,  a  fitting  memorial,  coming  at  the 
dose  of  the  long  professional  life  of  its  author — a  life  that  was 
marked  by  rare  qualities  of  patient  labour,  untiring  devotion  to  duty, 
and  personal  gentleness,  which  comes  from  a  pure  and  simple  life. 

Sun-spots*. — Prof.  E.  Wolf  from  his  statistics  of  sun-spots 
finds  that  the  relative  number  for  1878  is  3-4  only,  those  for  the 
1st,  2nd,  3rd,  and  4th  quarters  being  respectively  57,  4* i,  i'5,  and 
1*9,  whilst  the  dearth  of  spots  still  continues  in  the  first  quarter  o€ 
1879,  so  that  the  epoch  of  minimum  certainly  faUs  later  than 
1878*5  and  probably  later  than  1879*0,  making  tiie  last  period  cer- 
tainly greater  than  11*3  and  probably  greater  than  11 '8  years. 
The  following  are  the  relative  numbers  for  each  year  since  last 
minimum : — 

1867.  1868.  1869.    1870.     1871.     1871.    1873.  1874.   1875.  '^^7^'  1877.  1878. 
7*3  37*3  73*9  ^Z9'^  i"'^  ioi7  ^^'Z  44*6  i7*i  "'3  12*3  3*4 

The  diurnal  ranges  of  magnetic  declination  observed  at  three 
stations  compare  with  Prof.  Wolf's  formula,  as  depending  on  Sun- 
spots,  as  follow : — Prague,  obs.  5''65,  calc.  6'*o4 ;  Christiania,  obs. 
S'*i9,  calc.  4'*77 ;  Milan,  obs.  5'*3o,  calc.  5'* 20 — being  generaUy 
smaUer  than  those  for  1877,  thus  supporting  Prof.  Wolf's  assump- 
tions and  periods. 

Motions  op  Satiten's  SATELLiTEst. — In  consequence  of  the  near 
approach  to  commensurability  in  the  periods  of  Titan  and  lapetus, 
5  times  the  former  being  79^*7265  or  not  quite  0^*4  greater  than 
once  the  latter  (79*'"3296),  there  will  be  a  long  inequdity  of  the 
fourth  order  in  the  motions  of  these  two  satellites,  having  a  period 
of  200  revolutions  of  Titan  (about  8|  years),  as  was  pointed  out 
in  1826  by  Plana  (Mem.  R.  A.  S.  Vol.  H.  p.  350).  At  that  time, 
however,  the  excentricity  of  the  orbit  of  lapetus  was  not  known, 
but  it  has  since  been  determined  by  Capt.  .Jacob  from  two  years* 
observations  of  the  satellites  of  Saturn  made  by  him  at  Madras  in 
1856-1858  (Mem.  B.  A.  S.  Vol.  xxviii.).  M.  Abel  Souchon,  a  member 
of  the  Bureau  des  Longitudes,  has  now  taken  up  the  problem 

*  Astronom.  Mittheilungen,  Nos.  48,  49. 
t  Astronom.  Nachiicht^  No.  aadj. 


Digitized  by 


Google 


1879.]  Notes.  211 

neglecting,  howerer,  the  terms  depending  on  the  mntaal  inclination 
of  the  two  orbits,  which  is  so  large  (12^  47')  that  the  method  of 
expansion  in  series  fails ;  and  he  finds  that,  assuming  (as  Laplace  has 
done)  the  mass  of  the  perturbiDg  satellite  lapetus  to  be  ^^(y  of  the 
mass  of  Satnm,  the  perturbation  of  the  mean  motion  of  Titan  would 
be  i29"-5  sin  (5?'  — 2+130°  13' 48%  whilst  if  we  take  the  mass 
of  lapetns  to  be  only  ytjVitj  *^®  coefficient  would  be  reduced  to  2"'6. 
A  long  series  of  obserrations  is  urgently  wanted  before  any  thing 
can  be  decided  as  to  this  and  other  points  in  the  motions  of  the 
satellites.  As  regards  inequalities  arising  from  near  approach  to 
commensurability  in  the  periods  of  Ehea  and  Titan,  Dione  and 
Enceladus,  Tethys  and  Mimas,  M.  Abel  Souchon  remarks  that 
they  are  unimportant,  the  inequality  in  the  mean  motions  n  and  n' 
of  Bhea  and  Titan  depending  on  yn' — 2n,  amounting  only  to  o'''io 
if  the  mass  of  Titan  be  taken  as  yj^,  and  being  insensible  for  a  mass 
not  exceeding  77^^. 

Prof.  Asaph  Hall  has  discussed  aU  the  available  obserrations  of 
Hyperion  with  a  view  to  determining  the  elements,  and  more  par-* 
tacularly  the  periodic  time  and  motion  of  the  apsides,  as  to  the  latter 
of  which  there  is  still  a  doubt  whether  it  is  direct  or  retrograde. 
The  best  series  of  observations  are  those  mode  by  Mr.  Lassell  in 
1852,  and  by  the  Washington  observers  in  1875,  and  these  give  the 
following  elements,  respectively,  referred  to  G.M.T.  and  the  plane 
of  the  equator : — 

Periaatumiiiin...  1852,  Not.  i7'52o8.        1875,  Oct.  27*8380. 

«r 240°  io'-9  172®  59'7 

e    o'i2oii  0*11885 

a  2i7"'oS  2i6"'56 

Q    .- ..  120°  I2'-0 

I      .  .  6'12'l 

Assuming  394  revolutions  to  have  occurred  in  the  interval,  the 
anomalistic  period  T= 2 1*2673026  days;  and  taking  the  smaller  re- 
trograde motion  of  ihe  apsides, 

^=  --2°*9286i6  in  i  year. 

Comparing  the  positions  of  the  satellite  computed  from  these 
elements  with  the  observations  of  1848  and  1878,  the  result  is  that 
for  1848  the  value  of  T  requires  to  be  slightly  increased,  and  that 
dE  iv  diminished,  whilst  the  observations  of  1878  indicate  that  T 
must  be  diminished  by  0^**007  and  ?«r  also  diminished.  The  obser- 
vations of  1848,  however,  and  those  made  since  1875,  do  not  fix 
the  position  of  the  satellite  in  its  orbit  with  much  certainty,  since 
they  were  made  when  the  plane  was  seen  nearly  edgewise.  From 
1882  to  1888  Prof.  Hall  thinks  that  Hjrperion  can  be  followed 
completely  round  its  primary  with  the  Washington  refractor,  and 
should  be  carefully  observed.  From  the  elements  it  appears  that 
Hyperion  moves  nearly  in  the  plane  of  the  orbit  of  Titan,  and  in 
consequence  of  the  excentricities,  the  two  satellites  can  approach 
very  near  each  other.    Also  the  value  of  a  shows  that  Hyperion  is 
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moTing  in  a  larger  orbit  than  that  which  corresponds  to  the  periodic 
time  and  Bessel's  mass  of  Saturn.  The  next  step  which  Prof.  Kail 
hopes  to  undertake  is  the  calculation  of  the  action  of  Titan  on 
Hyperion.  

The  Iktekioe  of  Satuen*. — Taking  Laplace's  formula  for  the 
ellipticity  of  a  homogeneous  spheroid,  Prof.  Hall  has  applied  it  to 
the  case  of  Saturn,  and  finds  that  the  theoretical  value  of  the  ratio 
of  the  axes  is  i'i859,  whilst  the  observed  value  is  1*1087  according 
to  Bessel,  or  1*1223  according  to  Kaiser.  These  results  show  that 
Saturn  is  less  flattened  than  it  would  be  if  homogeneous  and  that 
the  density  increases  from  the  surface  towards  the  centre.  Since 
the  mean  density  is  only  about  |  that  of  water,  we  may  infer  that 
the  fluid  of  the  surface  of  Saturn  has  a  very  small  density.  A 
somewhat  similar  result  was  arrived  at  by  Laplace  in  the  case  of 
Jupiter,  the  theoretical  ratio  of  the  axes  being  1*10967,  whilst  the 
value  found  by  direct  observation  is  1*0770,  and  the  more  accurate 
value  deduced  from  the  theory  of  the  satellites  is  1*0747. 

Photogbaphs  op  the  Eclipse  op  Juxt  iQf. — ^M.  Janssen  has 
taken  at  Marseilles  photographs  of  the  Sun  12  inches  in  diameter 
during  the  late  partial  eclipse,  and  a  propos  of  these  he  calls 
attention  to  the  value  of  photography  in  such  cases.  In  the  first 
place  the  observation  of  contacts  may  be  obtained  photographically 
by  M.  Janssen's  revolver.  Then  from  micrometric  measures  of 
photographs  taken  during  the  progress  of  the  eclipse,  the  relative 
positions  of  the  Sun  and  Moon  may  be  determined.  Hitherto 
only  total  or  annular  eclipses  have  been  utilized  for  this  purpose  t, 
but  the  observation  of  partial  eclipses  will  doubtless  treble  the 
opportunities  of  improving  the  lunar  tables  by  the  help  of  these 

Shenomena.  Phoi/Ographs  may  also  be  studied  with  advantage  to 
etermine  whether  any  deformation  of  the  solar  granules  is  per- 
ceptible at  the  limb  of  the  Moon  as  the  result  of  refraction  by  a 
lunar  atmosphere,  and  also  to  measure  the  heights  of  lunar  moun- 
tains at  the  limb.  In  the  case  of  the  Marseilles  photographs  the 
granules  show  no  sensible  differences  at  the  Moon's  limb. 

Astronomers  wiU  await  with  much  interest  the  publication  of  the 
results  of  the  measures  of  M.  Janssen's  photographs  of  the  late 
partial  eclipse.     In  a  case  of  this  kind  every  thing  depends  on  the 

*  Afitronom.  Nachrichten,  No.  2269, 

t  OoDQptcs  Rendus,  Vol.  Izxxix.  No.  6. 

I  M.  Janssen  would  seem  to  haxe  oyerlooked  the  long  series  of  micrometric 
obserrations  of  partial  eclipses  made  at  Greenwich.  The  method  was  first 
applied  to  the  eclipse  of  1833  by  Prof,  (now  Sir  G.)  Airy  at  Cambridge,  and 
has  since  been  applied  by  him  at  Greenwich  to  the  eclipses  of  1836,  1845, 1846, 
1858,  i860,  1870,  1874,  and  1875.  The  micrometric  measures  haye  been  com- 
pletely discussed,  and  fh}m  the  final  equations  of  condition  the  corrections  to 
the  Lunar  Tables  have  been  deduced  and  published  in  the  *  Greenwich  Ob- 
servations '  and'  Monthly  Notices.'  Notwithstanding  all  the  efibrts  that  have 
heeti  made,  it  has  not  been  found  possible  to  observe  more  than  these  nine 
eclipses  in  the  course  of  46  years. 
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degree  of  accuracy  attainable  in  the  measures ;  and  it  must  be  con- 
fessed that  in  this  respect  the  result  of  the  experimental  appli- 
cation of  photography  to  the  late  Transit  of  Ye^us  has  been 
disappointing.  

Swtft's  Comet. — ^We  learn  from  the  'Science  Observer'  for  July 
that  Mr.  J.  C.  Howard  of  Boston,  U.S.,  succeeded  in  following  the 
comet  with  a  3 -inch  telescope  up  to  July  25  ;  and  Mr.  Clacy  with 
a  6-inch  saw  it  well  as  late  as  July  29,  when  it  was  within  2'  or  3' 
of  the  place  predicted  in  Mr.  Chandler's  ephemeris,  given  in  the 
•  Science  Observer '  for  June.  Mr.  Swift  writes  that  he  saw  the 
comet  on  July  14  with  an  aperture  contracted  to  2  inches,  and 
thinks  he  could  have  seen  it  with  i^  inch. 

The  Attgiist  Mbteors*. — ^Trom  observations  made  on  the  night 
of  August  II,  M.  Chapelas  found  the  mean  horary  number  of  me- 
teors to  be  114*2  for  midnight,  a  number  greater  than  that  found 
for  the  maximum  of  1848,  hitherto  considered  the  most  remarkable 
of  the  century.  The  nights  of  Aug.  8,  9,  and  10  were  unfortu- 
nately cloudy ;  but  some  breaks  in  the  clouds  indicated  the  pro- 
bable intensity  of  the  meteoric  shower;  and  the  observations  of 
subsequent  nights  show,  by  means  of  a  curve,  that  the  mean  num- 
ber of  meteors  per  hour  was  138*4  on  Aug.  10,  or  28*4  more  than 
the  maximum  of  1848.  The  observation  of  the  shower  in  1880 
will  allow  of  the  determination  of  the  true  period  of  recurrence  of 
tiie  August  meteors,  which,  so  far,  would  seem  to  be  31  years.  As 
usual,  the  radiants  were  near  the  zenith  in  the  constellations 
Gepheus,  Camelopardus,  and  Perseus. 

It  seems  difficult  to  reconcile  this  statement  with  the  accounts  of 
other  observers.  

Volume  XLTV.  op  the  E.  A.  S.  Mehoibs  has  been  recently 
published.  Its  Contents  are  : — "  On  a  general  Method  of  Treating 
the  Lunar  Theory,"  by  E.  Neison.  "  Determination  of  the  Solar 
Parallax  from  the  Opposition  of  Mars,  1877,"  ^  Maxwell  Hall 
(the  value  found  is  8"*789  +o"*o6o).  "  Observations  of  Mars  at 
Madeira  in  August  and  September  1877,"  by  N.  E.  Green. 
"Double  Star  Observations  made  in  1877-8  at  Chicago  with  the 
1 84-inch  Eefractor  of  the  Dearborn  Observatory,  comprising — 
i.  A  Catalogue  of  251  New  Double  Stars  with  Measures; 
ii.  Micrometrical  Measures  of  500  Double  Stars,"  by  S.  W.  Burn- 
ham,  M.A.  '*  Les  Longueurs  du  pendule  4  secondes  k  Pulkova, 
k  St.  P^rsbourg,  et  aux  differents  points  de  la  Eussie  occidentale, 
corrig^  de  I'influence  produite  par  la  flexion  des  supports  du 
pendule  construits  par  M.  Eepsold,   by  Prof.  Savitsch. 

The  first  two  memoirs  are  dated  1877,  May,  and  1877,  Nov. 
respectively,  so  that  there  has  been  a  delay  of  two  years  in  their 
publication.  Considering  the  importance  of  early  publication  as  a 
means  of  advancing  science,  it  is  to  be  hoped  that  the  Council  of 
the  B.  A.  S.  will  give  their  attention  to  the  question,  and  introduce 
*  Comptes  BenduB,  Yol.  Ixxxiz.  No.  8. 
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some  reform  in  the  present  sjBtem.  There  seems  to  be  no  safficient 
reason  why  each  memoir  should  not  be  published  independently,  as  % 
separate  part  of  the  volume  of  '  Memoirs,'  the  seyeral  parts  bein^ 
afterwards  collected  into  one  volume,  as  in  the  case  of  the  sevenu 
Nos.  of  the  '  Monthly  Notices/  In  any  case  the  first  two  memoirs, 
consisting  of  120  quarto  pages,  might  naturally  have  formed  Part  i., 
and  have  been  published  a  year  and  a  half  ago. 

It  is  a  notorious  fact  that  many  papers  are  printed  in  tiie 
*  Monthly  Notices  *  which  would  be  more  suitable  in  every  respect 
for  the  *  Memoirs,'  simply  because  their  authors  are  unwilling  to 
have  them  indefinitely  postponed,  until  it  pleases  the  executive  to 
bring  out  a  volume  of  *  Memoirs.'  And  the  evil  aggravates  itself  ; 
for  the  fewer  memoirs  are  received,  the  longer  the  delay,  and  the 
longer  the  delay,  the  more  unwilling  are  authors  to  submit  to  it. 
They  will  naturally  seek  a  more  speedy  channel  of  publication. 
But  possibly  we  ought  not  to  be  surprised  at  such  a  trifling  delay 
as  two  years  in  the  case  of  Vol.  xliv.,  considering  that  the  Eclipse 
Beports  in  Vol.  3d.,  which  the  Senior  Secretary  has  appropriated  to 
himself  for  the  last  nine  years,  are  still  unpublished. 

Changes  in  Jtjpiteb. — According  to  the  *  Chicago  Tribune '  the 
measures  of  the  planet  made  at  the  Dearborn  Observatory  indicate 
that  considerable  changes  take  place  in  the  outline  of  the  planet 
from  day  to  day.  Two  sets  of  measures  taken  at  an  interval  of  a 
week  indicated  a  difference  of  5°  in  the  direction  of  the  major  axis, 
which,  according  to  the  first  set,  lay  3°  north  of  the  east  end  of  the 
middle  belt,  and  according  to  the  second  2°  south.  The  writer 
presumes  that  these  changes  are  due  to  atmospheric  waves  similar 
to  the  well-known  barometric  variations  on  the  Earth,  but  on  a 
much  larger  scale,  as  the  atmosphere  of  Jupiter  is  of  enormously 
greater  depth  and  density  than  our  own,  being  probably  some  2000 
mUes  in  depth.  __ 

The  Flight  and  Fall  of  Meteoes. — ProfessOT  C.  U.  Shepard, 
in  a  paper  on  "  Meteorites,**  read  before  the  Connecticut  Academy 
of  Sciences,  states  the  number  of  supposed  independent  falls  of 
such  bodies,  whereof  specimens  are  preserved  in  museums,  as  about 
three  hundred  and  fifty,  which  number  is  increasing  at  the  rate  of 
between  three  and  four  per  year.  In  the  northern  hemisphere  there 
are  two  regions  where  falls  of  meteorites  have  been  most  frequent. 
"  These  regions,"  sayB  Professor  Shepard,  "  are  apparently  situated 
where  they  have  been  similarly  influenced  by  the  earth's  magnetic 
polarity.  The  regions  are  on  opposite  sides  of  the  hemisphere, 
have  similar  areas,  and  are  in  analogous  directions  and  at  sunilar 
distances  from  the  two  terrestrial  north  magnetic  poles."  The 
author  calls  attention  to  the  highly  magnetic  constitution  of  nearly 
all  meteorites,  and  to  the  fact  that  each  mass,  whether  large  or 
small,  of  a  detonating  meteor,  maintains  during  its  aerial  flight  a 
fixed  axial  direction.  He  infers  that  "  if  a  strong  magnetic  force 
is  found  to  attend  these  bodies,  the  perplexing  subject  relating  to 
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their  high  and  variant  velocities  may  receive  some  elucidation." 
He  thinks  that  the  great  objection  to  the  theory  of  the  volcanic 
origin  of  meteorites,  viz.,  that  their  velocity  is  too  great,  may 
be  obviated  by  the  hypothesis  that  acceleration  may  be  produced 
by  the  electro-magnetism  of  the  earth. — Popvlar  Science  Monthly, 

Pbof.  C.  W,  Peitohett  of  the  Morrison  Observatory  at  Glasgow, 
Missouri,  proposes  to  supply  Kansas  City  with  standard  time  by 
means  of  an  electric  time-ball  placed  above  the  Union  Depot,  and 
dropped  each  day  precisely  at  noon.  Mr.  Nettleton,  Manager  of 
the  Union  Depot,  and  Mr.  McMullin,  Superintendent  of  the  Chi- 
cago and  Alton  Bailroad,  are  considering  the  matter  and  propose 
to  make  the  necessary  arrangements  as  soon  as  practicable. 

Such  a  ball  has  been  in  operation  at  New  York  for  over  a  year 
without  a  single  failure,  and  is  idways  within  0*5  of  a  second  of 
absolute  correctness. 

Although  this  will  be  no  little  trouble  to  Prof.  Prit<jhett,  he  pro- 
poses to  operate  the  time-ball  the  first  year  without  charge,  if  the 
railroad  companies  will  provide  the  connections,  ball,  &c. — Kansas 
City  Review  of  Science.  

Wb  learn  that  a  new  observatory  has  been  founded  at  Kalocza 
in  Hnn^y,  by  the  Cardinal  Archbishop  Haynald,  and  that  Dr. 
Charles  Braunhas  been  appointed  Director.  The  building  is  nearly 
finished,  and  the  instruments  already  procured  comprise : — two 
equatoreals  by  Merz  (one  of  7  Paris  inches  and  the  other  of  4),  a 
transit-instrument  of  2\  inches  aperture  by  Cooke,  an  astrono- 
mical clock  and  two  auiliary  clocks  with  electric  contact,  a  chro- 
nograph, a  chronometer,  a  theodolite  with  four  microscopes  reading 
directly  to  2",  a  reflection  circle,  a  Zdllner  astro-photometer,  a 
direct-vision  Browning  spectroscope,  and  a  more  powerful  spectro- 
scope still  to  be  supplied.  In  a  few  years  a  transit-circle  of 
moderate  dimensions  will  be  added.  Dr.  Braun  appeals  to  the 
Hberality  of  established  observatories  to  aid  him  in  the  formation 
of  an  astronomical  library,  by  presents  of  their  publications. 

At  the  meeting  of  the  Manchester  Literary  and  Philosophical 
Society  on  Oct.  7,  the  President,  Dr.  Joule,  described  a  simple 
means  for  checking  the  oscillations  of  a  telescope.  It  consists  of 
a  leaden  ring  placed  centrally  about  the  axis  of  the  tube  of  the 
telescope  and  attached  thereto  by  three  or  more  elastic  caoutchouc 
bands.  He  had  employed  two  of  these  rings  for  his  telescope,  one 
placed  near  the  object-glass,  the  other  near  the  eyepiece.  Their 
imited  weights  were  only  one  quarter  of  that  of  the  telescope  tube, 
but  nevertheless  they  diminished  the  time  required  for  the  cessation 
of  vibration  to  one  sixth  of  what  it  was  before  their  application. 

Thbee  new  Minor  Planets  have  been  discovered  in  the  present 
month,  viz. — No.  204  on  Oct.  8  and  No.  205  on  Oct.  13  by  Herp 
Palisa  at  Pola,  and  No.  206  on  Oct.  15  by  Prof.  Peters,  at  CHinton, 
New  York.  Editoe. 
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Satellites  of  Mars  and  Saturn. 
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The  SatdlUes  of  Mars. 

The  followiDg  are  the  approximate  Greenwich  Mean  Times  of 
elongation  p  or  /  of  the  outer  satellite  Deimos,  derived  from  the 
data  given  in  Prof.  Asaph  Hall's  memoir  (cf.  *  Observatory/  Vol.  ii. 
No.  19,  p.  230):— 

Elongations : — Pos.-angle  53°  or  2^^^.    Distance  67". 


Nov. 


h. 

h. 

fa. 

I 

•  17-1/ 

Nov.  II  . 

.  19-5/ 

Nov.  21  . 

.    6-8  p 

2 

.    8-3  i> 

12  . 

.  io7i> 

22  . 

.  lyip 

3 

.  146^ 

13  . 

.  i7'op 

23  • 

'  i9-4P 

4 

•    5-7/ 

14. 

.    8-1/ 

24  • 

•  lo-S/ 

5 

.    I2-o/ 

15. 

.  14*4/ 

25  • 

.  16-8/ 

6 

.  18-3/ 

16. 

.    5-6i> 

26 . 

.    8-op 

7 

•    9'5P 

17  . 

.  ir9jp 

27  • 

■  14-3  i> 

8 

.  i5-8i> 

18  . 

.  i8-2i> 

28. 

•    5-4/ 

9 

.    6-9/ 

19. 

.    9-3/ 

29  • 

.  11-7/ 

10 

•  132/ 

20  . 

.  15-6/ 

so- 

. 18-0/ 

The  satellite  revolves  in  i*  6*'*3o;  thus  the  elongation^  occurs 
1 5*' 1 5  before  the  elongation/,  and  conversely.  The  semi-minor 
axis  of  the  apparent  ellipse  is  about  17";  and  the  semi-diameter 
of  the  planet  being  12",  the  satellite  passes  about  5"  N.  of  the 
limb  at  inferior  conjunction,  and  5"  S.  at  superior  conjunction, 
moving  in  the  direction  np  sf  since  the  S.  pole  of  Mars  is  turned 
towards  us. 

Mr.  Common  writes  that  Deimos  is  now  pretty  plain,  and  ought 
to  be  seen  by  many  observers.  He  has  seen  it  several  times  lately 
and  has  got  a  number  of  measures  of  position,  but  cannot  find 
Phobos.  We  have  not  yet  heard  of  any  observations  of  the  satel- 
lites in  America. 

Observers  may  find  advantage  in  reducing  the  glare  of  the 
planet  by  means  of  a  dark  glass  covering  half  of  the  field-lens  of  a 
positive  eyepiece,  so  that  simultaneous  measures  of  the  planet  and 
satellite  may  be  made,  the  planet  being  viewed  through  the  dark 

flass,  whilst  the  sateUite  is  seen  through  the  clear  part  of  the 
eld. 

Satellites  of  Saturn*. 

£x)NGrm)E8  of  the  five  inner  satellites  reckoned  from  superior 
conjunction  with  the  planefs  centre : — 


Greenwich  Noon. 

Mimas. 

EnoeL 

TethyB. 

Dione. 

Shea. 

Nov.   I  . .  . . 

0 
io*6 

0 
I45-I 

208-5 

i8r2 

33V2 

6  .... 

I20*7 

19-0 

82-2 

119*1 

9.9 

II 

2307 

252-8 

315-9 

57-0 

48-6 

16  .... 

3407 

126*6 

189-5 

354*9 

87-2 

21  ..  .. 

907 

0-4 

6Z'2 

2927 

1258 

*  From  an  Ephemeris  by  A.  Marth,  Astron.  Naohr.  No.  2273. 
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Greenwioh  Noon.        Minuw.  Enoel.     Tethys.    Dione.      Bhea. 
o  o  o  o  o 

Nov.  26  ....      200'6     234*1      296*7     230*5      164*4 

Dec.   I 310*5  107*8  170*3  i68-2  202*9 

Motion  in  longitude 

for  I  day 382*0  262*7  190*7  i3i'5  79*7 

2  days 764*0  525*5  381*4  263*2  159*4 

3  „     1 1460     788*3  572*2  394*7  239*2 

4  „    1528*0  1051*0  762*9  526*3  318*9 

5  „    1910*01313*8  953*6  6579  398*6 

Semiaxes  of  orbits  : — 

Major      a....     29^*4    37"-8     46"-8     59^*9     83^*7 
Minor      6....       3  *9       5  *o       6  *2       8  *o     11  *i 

The  values  of  the  longitudes  are  to  be  interpolated  for  the  time 
for  which  the  places  of  the  satellites  are  required  by  help  of  the 
motions  in  longitude  for  i,  2,  3,  4,  or  5  days. 

[By  taking  ^  of  these  quantities  respectively,  the  motions  for 
2*4,  4*8,  7*2,  9*6,  and  12*0  hours  are  obtained  at  sight.] 

The  rectangular  coordinates  x  and  y  (in  seconds  of  arc)  for  any 
satellite,  reckoned  parallel  to  the  axis  of  the  ring,  are : — 
07= a  Sin  Long.  y^b  Cos  Long. 


Astronomical  Memoranda,  1879,  December, 

Sun.  Dec.  i,  sets  3^  53",  rises  19'*  47";  Dec.  31,  sets  3'*  58",  rises 
20**  10". 

Equation  of  time: — Sun  before  clock,  Dec.  i,  10"  52*;  Dec.  11, 
6"  38* ;  Dec.  21,  i~  47' ;  after,  Dec.  31,  3"  9'. 

Sidereal  Time  at  Mean  Noon : — ^Dec.  i,  16**  39""*9;  Dec.  11, 17^ 
I9"*3  ;  Dec.  21,  17^  58'"*7  ;  Dec.  31,  18^  38'»*2. 

Moon,  Last  Quarter,  Dec.  6,  7**  43";  New,  Dec.  12,  23^*4"; 
First  Quarter,  Dec.  19,  23^  16"*;  Full,  Dec.  28,  4**  16". 

A  partial  Eclipse  of  the  Moon  occurs  on  Dec.  28.  Magnitude 
of  the  Eclipse  0*167.    The  Moon  rises  at  Greenwich  at  3   46"*. 

First  contact  with  Penumbra  i**  52"*3,  with  Shadow  3^  37'"'4. 

Last       „        „  „  6    59  '9,  „  5    14  -8. 

Occultations : — Dec.  i,  10^  38"  44  Gtemin.  Oc.  E.  188°;  Dec.  2, 
i6^'23"  B.A.C.  2683  Oc.  E.  228°;  Dec.  3,  13^  17"  54  Cancri  Oc.E. 
160°;  Dec.  4,  15^  i8"oLeonis  Oc.  E.  284°;  Dec.  19,  lo**  56" 
r  Pisdum  Oc.  D.  126° ;  ii**  o"  9  Piscium  Oc.  D.  89°;  Dec.  22,  5** 
6*  loi  Piscium  Oc.  D.  63** ;  Dec.  24,  15**  4"*  66  Arietis  Oc.  D.  141°; 
I^-  25,  5**  52"  36  Tauri  Oc.  D.  150° ;  16^  48"  62  Tauri  Oc.  D. 
84°;  Dec  26,  &"  24"  k  Tauri  Oc.  D.  131°;  Dec.  27,  5**  12"  132 
Tauri  Oc.  D.  81^.  The  angles  at  disappearance  (D.)  and  re« 
appearance  (E.)  are  reckoned  from  the  apparent  N.  point  towards 
the  right  hand  round  the  Moon's  circumference  as  seen  in  an  in- 
verting telescope. 

Mercwry  is  in  inferior  conjunction  on  Dec.  10,  after  which  he 
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is  a  morning  star,  at  greatest  elongation  W.  (23^  30')  on  Dec.  30. 
On  Dec.  24  he  rises  in  the  E.S.E.  at  18^  10™,  nearly  2^  before  the 
Sun,  and  is  then  very  favourably  placed  for  observation. 

Venus  is  a  morning  star,  at  greatest  elongation  W.  (46°  47') 
on  Dee.  4.  The  illuminated  portion  of  the  disk  is  0*388  on  Nov. 
15  and  0-557  on  Dec.  15,  and  the  corresponding  diameters  3o"*6 
and  2 1  "'6. 

Dec.  I,  E.A.  13**  25"*4  Dec.  6°  40'  S.,  tr.  20*^  45"*,  rises  15*^  i8". 

Dec.  31,         15   31  *6         16    15  S.,       20  54  16   17 

Mara  is  nearly  stationary  in  Aries.  His  diameter  is  2o"-2  on 
Dec.  I  and  i4"'8  on  Dec.  31.  Period  of  rotation  i*-o25  =  i*  o*'"6o ; 
Hourly  rotation  i4°-62  ;  Pos.-angle  of  Axis  142°;  Lat.  of  Centre 
of  Disk  18°  S.  [from  Mr.  Marth's  Ephemeris]. 

Dec.  I,  E.A.  r"  47"-o,  Dec.  17°  11'  N.,  tr.  lo*'  5",  sets  17'*  41". 

Dec.  16,        2  40  '4,  17    II  N.,         90  16   36 

Dec.  II,        2   45  -7,  17  51  N.,        87  15    47 

Jupiter  ia  an  evening  star,  advancing  through  Aquarius.  Hi^ 
diameter  is  37"*4  on  Dec  i  and  34"*4  on  Dec.  31. 

Dec.  I,  E.A.  22'*  27'"'9,  Dec.  10°  56'  S.,  tr.  5**  47*,  aeis  10*'  55*. 

Dec.  31,         22  44  'o,  9    16  S.,       4     5  9    22 

Daily  rate  of  rotation  87o°'6o=2'  i5o°-6o ;  Hourly  rate  36**-275. 

Jupiter's  Satellites: — Dec.  i,  6^  57'"  i.  Tr.  E. ;  Dec.  2,  5*"  ^6"^  i. 

Ec.  E. ;  6^  44™  iii.  Tr.  I. ;  Dec  3,  &"  8°*  ii.  Tr.  I. ;  Dec.  5,  7»»  48" 

ii.  Ec.  E.;  Dec.  6,  5*^  31"  iii.  Ec.  E. ;  8'»  56'-  iv.  Sh.  I. ;  Dec.  7, 

9*^  27»  i.  Oc  D. ;  Dec  8,  6^  35"  i.  Tr.  I. ;  8*'  54^  i.  Tr.  E. ;  Dec. 

9,  7^  31"  i.  Ec.  E.;  Dec.  12,  4**  59    ii.  Oc.  D.;  Dec.  13,  6*»  19"* 

iii.  Ec.  D. ;  Dec  14,  8»^  19™  iv.  Oc  E. ;  Dec  15,  S^  33'°  i.  Tr.  L; 

Dec  16,  s^  54™  i.  Oc  D. ;  Dec.   17,  5**  22"  i.  Tr.  E. ;  Dec  19, 

7^  41"  ii.  Oc  D. ;    Dec.  20,  5*^  6"  iii.  Oc  D. ;  8*^  40"*  iii.  Oc  E. ; 

Dec.  21,  s^  46"  ii.  Tr.  E.;  Dec.  23,  y^  4^  iv.  Sh.  E.;  7*^  53-  L 

Oc  D. ;  Dec  24,  s^  I"  i.  Tr.  I. ;  7'*  21"  i.  Tr.  E. ;  Dec.  25,  5**  51" 

i.  Ec  E. ;  Dec  28,  s^  37""  ii.  Tr.  I. ;  8*^  30-  ii.  Tr.  E. ;  Dec.  30, 

4'*  59"  ii.  Ec.  E. ;  Dec.  31,  7*^  i»  i.  Tr.  I. 

Saturn  is  stationary  in  Pisces ;  in  quadrature  on  Dec  30. 

Dec    I,  E.A.  o*'  37"-4,  Dec  i^  12'  N.,  tr.  7*^  56",  sets  14''    6". 

Dec.  16,  o  37  -o,  I    13  N.,       6    57  13     7 

Dec  31,  o  38  -I,  I    24  N.,       5    59  12    10 

Outer  Bing.  Inner  Ring.  Ball.    ^- 

Maj.  Axis.    Min.  Axis.    Maj.  Axis.    Min.  Axis.      Diam. 
Dec    6...  4i"-9i         S"'44        27"-87         3"-62       i6"-8 
Dec26...  4o"-47         5"-35         26"-9i        3"-56       i6"-2 
The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  7°  27'  S.  on  Dec  6  and  7®  36'  S.  on  Dec, 
26,  and  of  the  Sun  9°  57'  S.  and  10°  15'  S. 
Nqptwne  is  in  Aries. 

Dec    I,  E.A.  2^  32«-4,  Dec.  13°    3'  N.,  tr.  9'*  51". 
Dec  31,  2  30  -2,  12   54  N.,       7   51 

Ebitob. 
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THE   OBSERVATORY, 

A   MONTHLY    EEVIEW    OF   ASTRONOMY. 

No.  81.  NOVEMBER  1.  1879. 


A  Determinaiion  of  the  Sun's  Mean  Equatoreal  Horizontal 
Parallax  from  Declination  Observations  of  Mars  and 
Stars  made  at  the  Observatories  of  Leiden  and  Melbourne 
near  the  time  of  Opposition,  1877. 

Whbn  Mr.  Ellery's  important  pamphlet,  contaming  the  meridian 
obeeryations  of  Mars  and  comparison-stars  made  at  Melbourne  in 
1877,  reached  me,  I  proposed  to  myself  to  compare  these  obser- 
vations with  the  corresponding  ones  made  at  Greenwich,  and  to 
compute  the  resulting  solar  parallax.  I  found,  however,  that, 
unfortunately,  the  same  list  of  comparison-stars  had  not  been  used 
at  the  two  Observatories,  Mr.  Ellery  having  adopted  the  list  issued 
by  the  Washington  Observatory,  whilst  at  Greenwich  the  *  Nautical 
Almanac*  stars  were  observed;  so  that  no  comparison  could  .be 
made  between  the  extensive  series  of  Mars  observations  which 
had  been  secured  both  at  Greenwich  and  at  Melbourne.  Lately, 
however,  Prof.  H.  G.  van  de  Sande  Bakhuyzen  has  been  so  kind 
as  to  send  me  the  fine  series  of  observations  of  Mars  made  at  the 
lieiden  Observatory  near  the  time  of  Opposition,  1877,  ^^  Wash- 
ington list  having  been  also  adopted  at  Leiden ;  and  these  I  have 
compared  with  the  corresponding  Melbourne  observations. 
The  assumed  positions  of  the  Observatories  are : — 

Latitude.  Longitude. 

Leiden    52°    9'  ig"'g6  N.    o**  17'"  s6"-2  East  of  Greenwich. 

Melbourne..  37   49  S3  '4    S.     9  39    54-8    „  „ 

The  effect  of  parallax  on  the  declination  is  given  by  the  expres- 
sion w. — sin(«— n),  where  «•  is  the  Sun's  mean  equatoreal  hori- 
zontal parallax,  r  the  radius  of  the  Earth  at  the  place  of  observa- 
tion, A  the  planet's  distance  from  the  centre  of  the  Earth,  z  the 
observed  zenith-distance  cleared  from  refraction,  and  w  the  angle 
of  the  vertical.  All  the  tabular  quantities  have  been  interpolated 
with  second  difEerences  from  the  'Nautical  Almanac.'    The  small 
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Sun^s  Parallax. 


[No.  81. 


correction  for  change  of  error  of  the  ephemeris  in  passing  from 
the  meridian  of  Leiden  to  that  of  Melbourne  has  been  fomid  from 
the  errors  of  the  tables  at  successiTe  passages  of  Mars  over  the 
meridian  of  Leiden,  assuming  ir=8"'9.  I  have  only  made  com- 
parisons of  the  observationB  on  those  days  when  Mars  and  stars 
were  observed  at  Melbourne  either  on  the  same  day  ai  at  Leiden, 
or  on  the  following  day,  so  that  the  change  of  error  has  merely 
either  to  be  carried  back  for  9^  hours  or  carried  forward  for  14I 
hours. 

The  combining  weight  is  proportional  to 

(Factor  of  parallax)* 

(Probable  error  of  combination  of  observed  places)*' 

The  separate  determinations  are  given  in  the  following  Table: — 


Dftte.  PsraUax. 

as    8-899 

30    8-904 

Aug.4&    5|9.o36 

6&    7     9'234 
8 

15 

17 

21 

22  &  23 

•  30 
Sept.    I 

2 

4&5 


9-025 
8-813 
9*  100 
9*375 
8-833 
8-906 
9-170 

8-719 
9-392 


Weight 

4-142 

3'333 
3-929 

2-339 

2-703 
4-400 

4-351 
4-909 
3-009 
4-600 

2-447 
4-804 

3-305 
3-421 


Data.  Parallax.  Weight. 


30  &  Oct. 


Sept.  12  &  13 
17 

21  &  22 

25 
27 

I 

2 

3 

4 
5 
6 

9 
14 

IS 
20  &  21 


8742 
8-8n 
8-976 
8-729 

8-873 
9-082 
8-654 
8-785 
8-976 
8-901 
8-646 

9-055 
9-058 
9*101 
9-029 


3-635 
2-949 
2-8i6 
2-858 
4' J  7a 
2-57  ^ 
2-383 

3*544 
3-551 
3-35^ 
2-285 

3-370 
1-857 
2-997 
2-690 


The  resulting  mean  solar  parallax  is  8^-960+ 0^-05 1,  assuming 
that  the  probable  error  of  a  single  observation  of  declination  is  o"*5. 

In  the  light  of  recent  researches  on  the  subject  we  must,  I  sup- 
pose, consider  this  value  of  the  solar  parallax  to  be  too  larce ;  it 
however,  to  be  remarked  that  Prof.  Winnecke  obtained  the 


IS 


value  8"-96,  and  Mr.  Stone  that  of  8"-94,  from  meridian  observa- 
tions of  Mars  in  1862.  And  although  Prof.  Newcomb's  dis- 
cussion gave  the  result  8"-855,  still,  as  Mr.  Stone  has  pointed 
out,  the  smaller  value  depends  chiefly  on  the  use  of  the  Santiago 
observations,  which  he  declares  to  be  inadmissible.  It  appears, 
therefore,  that  from  meridian  observations  of  Mars  we  get  a  parallax 
of  not  less  than  8^-9,  and  we  are  almost  forced  to  the  conclusion 
that  there  is  something  in  the  method^  which  persistently  tends 
to  give  a  large  result ;  if  this  be  so  it  introduces  another  very  per- 
plexing element  into  researches  on  solar  parallax. 

The  value  8"-96  corresponds  to  a  mean  distance  of  the  Sun  from 
the  Earth  of  91,229,000  miles.  A.  M.  W.  DowioKo. 
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Tke  EcHpses  of  the  Satellites  of  Mars* 

WinsH  the  Satellites  of  Mars  were  first  disoovered,  some  very 
exaggerated  statements  were  made  as  to  the  tides  which  would  be 
prodaoed  bj  them  in  the  Martian  waters.  It  was  not  long,  however, 
before  these  statements  were  corrected.  Yery  Uttle  calculation 
showed  that  the  smallness  of  their  masses,  notwithstanding  their 
proximity  to  the  planet,  would  prevent  the  formation  by  them  of 
tides  of  any  importance,  and  that  they  would  not,  in  this  respect, 
have  l^e  very  beneficial  influence  which  some  writers  were  at  first 
inclined  to  claim  for  them,  of  preventing  idl  tendency  to  stag- 
nation in  the  seas  and  oceans  of  the  planet. 

On  the  other  hand,  the  interest  which  properly  belongs  to  these 
bodies  was  to  some  extent  wrongly  diminished  by  the  suggestion 
(made  in  one  of  our  newspapers)  that  the  satellites  would  h&  rarely 
seen  from  Mars,  because  they  would  be  almost  always  either  eclipsed 
or  obscured  by  the  effect  of  morning  or  evening  twilight. 

It  may  therefore  be  interesting  to  notice  (although  in  a  very 
rough  and  elementary  manner)  how  far  this  suggestion  is  true  ox 
otherwise.  Their  light  at  all  times  is  comparatively  small,  some- 
where about  -Xg  of  that  which  we  receive  from  our  moon  being 
the  amount  that  would  probably  be  received  from  the  inner  Mar- 
tial moon,  while  that  from  the  outer  moon  would  practically  be  of 
-very  little  account ;  it  would  probably  be  about  20  times  less  than 
that  from  the  inner  moon. 

At  the  same  time  we  ought  not  to  diminish  the  small  amount 
of  light  given  by  them,  by  charging  upon  them  a  proneness  to 
suffer  eclipse  greater  than  is  really  the  case. 

Let  us  take  the  diameter  of  Mars  to  be  4200  miles.  We  may 
roughly  take  the  diameter  of  its  shadow  to  have  this  same  value  at 
BO  smaJl  a  distance  from  the  centre  of  the  planet  as  5800  miles  for 
the  ioner  and  149500  for  the  outer  satellite.  These  we  take  to  be 
their  distances  according  to  the  determination  of  Professor  Asaph 
HaU.    We  will  also  consider  their  orbits  to  be  circular. 

The  inner  satellite,  revolving  in  7^  40™  in  an  orbit  whose  circum- 
ference is  about  36,400  miles,  would  pass  centrally  through  the 
shadow  (a  distance  of  about  4200  miles)  in  about  53  minutes. 

GThe  outer,  revolving  in  about  30^  17"  in  an  orbit  whose  circum- 
ference is  about  91,000  miles,  would  pass  centrally  through  the 
shadow  in  about  84  minutes.  The  inner  satellite  Fhobos  remains 
above  the  horizon  of  any  place  for  about  5  J  hours  at  a  time.  Out 
of  these  5^  hours  it  cannot  therefore  be  eclipsed  for  more  than 
about  53  minutes. 

The  outer  satellite  Deimos  remains  above  the  horizon  of  any 
place  for  about  60  hours  at  a  time.  This  time  would  not,  I  believe, 
suffice  for  three  total  eclipses  to  be  fully  seen.  Two  might  be  seen 
during  their  whole  duration,  and  the  satellite  (speaking  roughly) 
would  be  eclipsed  between  2  and  3  hours  out  of  the  60. 
*  From  a  Lecture  delivered  at  Gresham  College. 
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Let  us  take  an  example  or  two  of  what  might  occur.  Supposing 
sunset  to  take  place  at  such  an  ho\ir  as  on  the  Earth  we  should 
call  6  P.M.  Phobos  might  rise  soon  afterwards  in  the  west.  In 
about  3  J  hours  the  sun  would  be  about  51^  below  the  horiaon, 
and  the  satellite  about  54°  above  it  in  the  east ;  and  if  we  suppose 
them  at  the  time  in  question  to  be  seen  from  a  place  on  the  equa- 
tor of  Mars,  and  to  be  both  apparently  moving  in  the  equator  of 
the  heavens,  the  satellite  will  now  be  in  the  middle  of  an  eclipse, 
which,  having  commenced  at  about  9  p.m.,  will  finish  about  10  p.m. 
At  about  11^  P.M.  it  will  set  in  the  east,  about  5  a.m.  will  rise  again, 
and  for  the  greater  part  of  the  time  between  this  hour  and  the  rising 
of  the  Sun  at  about  6  a.m.  another  eclipse  will  be  going  on — ». «. 
two  eclipses  during  the  same  night,  but  only  otu  between  a  nsing 
and  settmg  of  the  satellite. 

In  the  above  we  roughly  speak  of  Martian  hours  as  corresponding 
with  those  of  the  £^h,  the  difference  in  the  length  of  their 
diurnal  rotations  being  small.  If  by  the  Martian  hour  we  meaa 
^  of  its  rotation  period,  this  would  equal  about  i*^  li"  of  terres- 
tnal  time* 

Again,  we  may  suppose  the  Sun  to  set  about  6  p.m.  and  Deimos 
to  rise  soon  afterwards.  A  total  eclipse  lasting  about  84  minutes 
will  shortly  take  place.  If  we  suppose  this  to  begin  when  Deimos 
is  a  few  degrees  above  the  horizon,  it  will  have  increased  that  dis- 
tance rather  more  than  72°  at  the  next  sunset,  and  soon  after 
midnight  will  be  in  the  middle  of  another  total  eclipse-  The  Sun 
will  rise  and  set  again  and  Deimos  will  pass  below  the  horizon  a 
little  before  the  third  sunrise,  its  phase  nearly  full  and  another 
eclipse  being  about  to  take  place;  while  two  have  taken  place 
during  one  passage  of  the  satellite  fh)m  the  eastern  to  the  western 
horizon.  All  this  has  been  upon  the  assumption  that  the  orbits 
of  the  sateUites  are  in  the  same  plane  as  that  of  Mars  about  the 
Sun.  The  inclination  of  their  orbits  to  this  plane  may,  however, 
be  approximately  taken,  for  convenience'  sake,  as  about  30°. 

Phobos  may  therefore  be  elevated  above  the  line  joining  the 
centres  of  Mars  and  the  Sun  5800  miles,  multiplied  by  the  tan- 
gent of  30°,  and  Deimos  by  14,500  miles,  multiplied  by  the  same 

tangent.    This  tangent  being  i ,  these  products  amount  respectively 

to  about  3300  miles  and  8300  miles. 

The  radius  of  the  shadow  of  Mars  being  taken  as  2100  miles  at 
the  distance  of  the  satellites,  it  is  evident  that  they  both  may  often 
escape  an  eclipse  altogether.  Upon  an  average  Phobos  may  escape 
in  about  one  revolution  out  of  every  three  and  Deimos  in  about 
three  out  of  every  four. 

All  this  is  doubtless  a  very  rough  and  elementary  method  of 
investigation ;  but  I  think  it  is  sufficient  to  show  that  if  there  be 
any  observers  on  Mars,  the  eclipses  of  the  satellites  will  not  be  so 
frequent  and  long  continued  as  to  prevent  their  being  seen  far 
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more  frequently  uneclipsed  and  in  suitable  positions  for  observa- 
tion. There  are  many  other  interesting  points  connected  with 
these  bodies,  one  of  the  most  remarkable  perhaps  being  the  enor- 
mous size,  the  wondrous  amount  of  light  which  Mars  would  afford, 
the  beautiful  detail  of  its  surface  which  would  be  visible  to  any 
observer  upon  Phobos  or  Deimos.  It  would  fill  up  in  the  one 
case  nearly  |,  in  the  other  about  ^  of  the  width  of  the  celestial 
hemisphere.  Its  area  would  be  in  the  two  cases  respectively 
about  6400  times  and  1000  times  that  of  the  Moon  as  seen  by  us ; 
its  light  some  2500  times  and  400  times  as  great. 

We  must  not,  however,  enter  into  further  details.  Any  one 
may  easily  work  them  out  and  find  in  so  doing  a  useful  exercise  of 
ingenuity.  Suffice  it  to  call  attention  to  the  very  interesting  de- 
scription given  by  Mr.  Marth  at  the  R.  A.  S.  meeting  of  Nov. 
1878,  of  the  transit  of  the  Earth  and  Moon  across  the  Sun's  disk 
which  will  be  visible  from  Mars  on  Nov.  12,  1879,  and  of  the 
frequently  recurring  transits  of  Fhobos  and  Deimos. 

E.  Ledgeb. 


Spectroscopic  Observations  of  the  Comet  Palisa  1879  d. 

About  the  time  of  the  discovery  of  this  new  comet  I  was  in 
Germany  and  Belgium,  so  that  I  saw  it  only  on  the  4th  October  at 
7*»  O'-Gyalla  mean  time. 

The  comet  was  large  enough,  but  very  washy  and,  for  spectro- 
scopic observations,  a  very  faint  object.  With  power  208  I  saw  it 
granulated  and  with  a  condensation  in  the  middle. 

I  made  an  attempt  to  observe  it  with  the  spectroscope,  but  was 
not  so  successful  as  I  wished.  I  was  also  often  disturbed  in  my 
work  by  clouds,  and  later  also  by  moonlight.  • 

The  spectrum  of  this  comet  was,  in  comparison  with  other  tele- 
scopic comets,  very  faint ;  and  I  succeeded  only  in  observing  the 
spectrum  with  a  very  ingenious  spectroscope  which  was  made  after 
the  drawing  of  Professor  H.  C.  Vogel,  of  Potsdam,  in  my  observa- 
tory workshop,  from  an  achromatic  eyepiece  by  Kheinfelder  at 
Munich,  and  three  small  direct-vision  prisms  by  my  friend  Merz, 
of  Munich. 

I  saw  in  the  spectrum  two  very  faint  bright  bands  and  suspected 
a  third  of  the  same  character,  winch  was  nearer  the  more  refran- 
gible end  of  the  spectrum ;  but  this  was  so  extremely  faint  that  it 
was  very  difficult  to  identify  its  presence.  As  far  as  it  was  possible 
to  decide,  the  bands  were  much  more  sharply  defined  than  in  the 
spectrum  of  Brorsen's  comet. 

The  first  band  was  in  the  yellowish  green,  the  second  at  the  limit 
of  the  green  and  blue ;  but  as  to  the  position  of  the  third  it  is 
difficult  to  say  any  thing,  since  it  is  so  faint  that  its  presence  even 
is  doubtful. 


Digitized  by 


Google 


194      Spectroscopic  Observations  of  Comet  1879  d.  [No.  81. 

There  was  also  a  yerj  faint  continuous  spectrum  present,  but 
this  was  more  like  a  misty  lustre  than  a  spectrum ;  it  was  not  so 
narrow  as  in  the  Comet  Coggia  1874,  but  as  broad  as  the  bands 
were  long.  The  continuous  spectrum  was  emitted  not  only  from 
a  nucleus  or  condensation,  but  also  from  the  whole  body  of  the 
comet.  Prom  this  I  should  conclude  that  the  reflective  power  of 
this  comet  was  greater  than  that  of  other  comets. 

On  October  6, 1  looked  at  the  comet  at  6**  35"  M.T.  with  the 
6-inch  M^rz  refractor,  the  air  being  tolerably  steady  and  transparent, 
and  it  was  then  possible  to  see  well  enough  also  the  third  band  in 
the  spectrum.  Using  a  power  of  140,  it  appeared  granulated  and 
I  thought  I  saw  in  the  centre  a  very  small  nucleus.  I  measured 
the  diameter  with  a  Browning  filar  micrometer  and  found  it  2'  42". 
The  comefs  light  was  found  to  be  polarized  when  examined  with 
a  quartz  Nicol  polariscopic  apparatus. 

After  these  preliminary  observations,  1  observed  the  spectrum 
with  the  io|-inch  Browning  reflector,  comparing  it  with  the  spec- 
trum of  Qeissler  tubes  containing  Olefiant  gas,  and  after  finding  a 
resemblance  I  began  to  make  measures  on  the  broad  bands. 

Nothing  was  more  difficult  than  to  make  these  observations, 
because,  as  soon  as  I  illuminated  the  micrometer  of  the  spectroscope, 
the  broad  bands  disappeared.  After  much  trouble,  I  illuminated 
the  micrometer  with  a  Greissler  tube  containing  nitrogen;  and  so  I 
measured  each  broad  band  four  times,  and  found  the  foil  wing  mean 
values  in  wave-length : — 

I.  5598  tenth-metres. 

n.  5156       „ 
m.  4887       „        (?) 

To  the  third  I  attach  a  note  of  interrogation,  because  I  do  not  at- 
tribute much  exactitude  to  the  measure  of  its  position. 

After  this  I  measured  also  the  three  broad  lines  (resembling 
those  of  the  comet)  in  a  G^issler  tube  containing  Olefiant  gas 
(C^H^.)  and  found  from  the  mean  of  four  sets  of  measures  the  fol« 
lowing  wave-lengths : — 

!•  5577  tenth-metres* 
n.  5166 
in.  4845 
Thus  there  is  a  difference  (Comet— C^HJ  of  +21  tenth-metres 
in  the  first  band,  — 10  in  the  second,  and  +42  in  the  third  (doubt' 
f  ul)  in  wave-length. 

The  continuous  spectrum  was  very  faintly  visible  between  5493 
and  5201  tenth-metres  of  wave-length. 

I  do  not  attribute  to  these  observations  the  same  precision  as  to 
other  observations  of  this  sort ;  but  I  think  there  is  no  doubt  that 
the  substance  composing  the  self-luminous  parts  of  this  celestial 
body  is  some  other  substance  than  Olefiant  gas,  for  it  is  hardly 
possible  for  an  observer  to  make  so  large  an  error  of  observation  as 
to  change  to  this  extent  the  value  of  the  numbers  found. 
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The  brightness  of  the  comet  diminishes  and  the  atmospheric  con* 
ditions  are  still  very  unsatisfactory  for  observation  of  this  faint 
object  near  the  west  horison,  and  I  haye  therefore  not  continued 
to  observe  it  further,  Niooi^  PB  KoiSKOhj, 

O'-07Blla  ObBetratory^  Hnngary» 
18791  October  16. 


The  Brightness  and  Distribution  of  the 
tlxed  S/ar«*.— Part  I. 

Those  who  view  and  admire  the  starry  canopy  above  us — so 
fittingly  associated,  in  the  oft-quoted  language  of  a  great  philo- 
sopher, with  the  moral  nature  of  man — can  hardly  fail  to  remark 
how  largely  their  pleasure  in  the  grand  prospect  is  due  to  the 
endless  variety  in  its  brilliancy.  Just  as  the  magnificence  of 
mundane  potentates  is  fully  brought  out  only  by  the  presence  of  a 
long  train  of  inferiors  more  modestly  arrayed,  so  Sirius  and  Capella 
would  be  less  splendid  had  they  not  a  multitude  of  lesser  lumi- 
naries to  heighten  their  glory  by  contrast.  And  how  many  hundreds 
of  twinkling  points,  almost  lost  in  the  wide  abyss,  are  there  for 
every  star  of  nighest  rank !  In  the  proportion  of  common  soldiers 
to  captains  and  of  captains  to  corps  commanders,  this  silent  host 
of  h^Eiven  is  not  unlike  the  less  stately  armies  that  tread  earth 
instead  of  ether.  And  if  astronomers  have  hitherto  interested 
themselves  less  in  questions  of  precedence  and  seniority  than  in 
the  particular  spot  on  the  field  occupied  by  each  individual  in  the 
great  array  when  drawn  up  for  review ;  if,  dropping  the  figure, 
differences  of  lustre  and  the  number  of  stars  of  the  various  grades 
have  occupied  less  of  their  attention  than  the  comparativefy  dry 
details  of  right-ascension  and  declination,  with  all  the  refinements 
of  precession,  nutation,  aberration,  proper  motion,  parallax,  refrac- 
tion, Ac.  affecting  these — they  are  now  making  some  amends  for 
their  neglect.  The  methodical  study  of  stellar  brightness  belongs 
almost  entirely,  however,  to  the  present  century,  Sir  "W.  Herschel's 
first  paper  calling  attention  to  the  importance  of  the  subject  having 
appeared  in  the  publication  quaintly  termed  *'  Philosophical  Trans- 
actions "  of  the  London  Eoyal  Society  in  1796. 

Sir  W.  Herschel  here  mentions  the  number  of  variable  stars, 
constantly  increasing  imder  new  discoveries,  very  naturally  pre- 
dicts that  closer  observation  will  be  likely  to  show  variabflity  in 
objects  previously  unsuspected,  and  recommends  that  careful  com- 
parisons be  made  from  time  to  time  between  neighbouring  stars  all 
over  the  heavens,  so  that  any  change  occurring  may  be  at  once 
detected.  The  original  comparisons  accompanying  this  paper  have 
been  of  but  little  use,  however;  they  are  interesting  chiefly  as 
having  been  the  first  attempt  to  introduce  scientific  methods  into 
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this  unexplored  territory  of  i^e  astronomical  realm.  They  were 
made  without  the  aid  o£  anj  instrument,  and  consisted  of  such 
indefinite  statements  as — ''  Star  No.  7  about  equal  to  No.  4,  and 
just  perceptibly  fainter,  or  decidedly  brighter,  thin  No.  12."  The 
difference  of  brightness  which  Herschel  considered  as  "  just  per- 
ceptible "  seems  to  have  been  from  one  fifth  to  one  f oiuih  of  a 
magnitude. 

That  his  least  appreciable  difference  should  have  some  constant 
relation  to  the  traditional  "  magnitude  "  was  to  have  been  expected, 
bearing  in  mind  what  this  oldest  and  most  universal  scale  of  re- 
ference was  intended  to  express.  The  fixed  stars  were  assigned 
to  classes  of  brightness,  we  learn,  before  the  Christian  era ;  and 
the  very  term  '*  magnitudes,"  used  from  the  first  to  designate  these 
classes,  shows  the  state^of  knowledge  under  which  the  study  had  its 
origin,  for,  as  we  now  know,  the  apparently  greater  size  of  the 
brighter  stars  is  due  only  to  imperfections  of  the  eye.  All  visible 
stars — all  that  existed,  that  is,  for  the  early  astronomers  of  the 
Medit<^rranean — were  included  in  six  magmtudes,  the  first  con- 
taining the  dozen  or  score  of  brightest  s^rs  in  the  heavens,  the 
second  perhaps  twice  as  many  raiiSdng  next  to  tiiese,  and  so  on  oat 
in  gradually  increasing  circles.  The  work  of  the  ancients  has  in 
this  case  been  well  preserved,  no  modem  innovator  having  been 
found  bold  enough  to  disturb  this  time-honoured  system  of  reckoning. 
Still,  as  in  the  days  of  the  "  Father  of  Astronomy,"  the  two  chief 
stars  of  Orion  serve  as  examples  of  the  first  magnitude,  while  his 
Belt  and  the  Dipper  in  the  northern  sky  furnish  types  of  the 
second  order.  But,  while  astronomy  was  yet  in  its  infimcy, 
observers  had  noticed  that  the  stars  were  not  assorted  into  well- 
defined  orders,  in  which  all  the  individuals  were  equally  bright ; 
and  so,  in  assigning  to  a  star  its  magnitude,  they  would  often  add 
that  it  was  "  smaller  "  or  "  larger  "  than  the  mean  <rf  that  magni- 
tude. They  thus  practically  trebled  the  number  of  their  cesses. 
The  same  division  into  thirds  of  a  magnitude  is  still  employed  by 
those  who  judge  of  brightness  by  eye-estimates,  though  some  are 
content  with  dividing  into  halves,  and  some  imdertake  to  be  exact 
to  tenths.  Now,  even  though  no  scientific  precision  was  attained, 
or  even  thought  of,  in  this  original  apportionment  of  visible  stars 
among  the  six  magnitudes,  to  ^yhich  all  later  estimates  are  adjusted, 
we  would  expect  to  find  one  principle  underlying  such  a  classifica- 
tion, making  it  that  of  greatest  convenience.  It  must  be  just  as 
easy  to  tell  a  fourth-magnitude  star,  for  instance,  from  a  fifth-mag- 
nitude as  from  a  third,  and  there  must  be  as  little  doubt  in  distin- 
guishing between  the  fifth  and  sixth  magnitudes  as  between  the 
third  and  second.  The  numbers  expressing  magnitudes,  then, 
must  actually  represent  a  scale  of  equal  differences  as  measured 
by  the  sensibility  of  the  eye.  When  an  astronomer  pays  attention 
to  differences  of  lustre,  measured  also  by  the  sensibiUty  of  the  eye, 
but  closer  than  the  founders  of  the  science  cared  to  notice,  he 
naturally  finds  that  he  can  distinguish  Uie  same  number  of  inter- 
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mediate  grades  between  two  adjoining  magnitndes,  whether  faint 
or  bright.  Herschers  estimates,  having  been  of  this  character,  are, 
as  we  have  seen,  subject  to  the  same  condition. 

The  system  of  comparisons  introduced  by  Herschel  was  not  fol- 
lowed by  later  astronomers.  Determinations  of  brightness  in 
which  accuracy  is  sought  are  now  made  by  means  o£  instruments 
constructed  expressly  for  the  purpose.  These  instruments,  called 
photometers — measurers  of  light,  that  is,  their  oflSce  being  to  show 
the  amount  of  light  that  one  star  gives  as  compared  with  others — 
add  nothing  to  the  discriminating  power  of  the  eye,  it  should  be 
stated.  In  deciding  a  question  as  to  which  is  the  brighter  of  two 
stars  situated  sufficiently  near  together,  no  appliance  yet  invented 
can  assist.  But  they  have  these  three  advantages  :  they  facilitate 
comparison  between  faint  stars,  they  furnish  a  means  of  comparing 
distant  stars,  as  though  side  by  side,  and  they  give  result  in  a 
numerical  form.  That  is  to  say,  we  get  by  means  of  them  a  defi- 
nite dilEerence,  which  may  be  expressed  as  a  fraction  of  a  magni- 
tude. The  magnitude,  we  see,  is  no  longer  regarded  as  a  class, 
but  as  a  fixed  point  on  a  continuous  scale — a  striking  example  of 
that  progress  of  science  in  all  its  branches  from  a  qualitative  to  a 
quantitative  stage,  on  which  philosophers  delight  so  to  insist. 

But  how  are  measures  of  light  to  give  us  fractions  of  a  magni- 
tude ?  How  can  the  vague,  qualitative  relation,  the  brighter  the 
light  the  higher  the  magnitude,  become  an  exact  and  quantitative 
one  ?  The  discussion  of  this  question  may  be  of  use  by  showing 
that,  even  with  matters  of  so  uncertain  a  nature,  science  does  not 
proceed  by  guesswork.  It  is  a  general  law,  that  the  human  senses 
measure  ratios  and  not  differences.  If  I  am  carrying  a  small 
weight,  for  example,  and  the  addition  of  an  ounce  is  required  to 
make  the  burden  perceptibly  heavier  to  me,  two  ounces  will  have 
to  be  added  in  order  that  I  may  notice  a  difference  when  I  carry 
twice  the  weight,  and  a  whole  pound  when  I  carry  sixteen  times 
the  weight.  Similarly  with  the  other  senses,  and,  in  no  slight 
degree,  with  the  emotions  as  well.  Sensibility  to  grief  and  joy, 
as  the  experience  of  every  one  will  attest,  becomes  feebler  with  an 
increase  of  the  amount  sustained.  So,  a  faint  sound  can  be  heard 
only  in  comparative  silence,  and  our  footsteps  surprise  us  by  their 
resounding  din  on  the  floor  of  an  empty  hall,  though  no  louder,  as 
reflection  easily  assures  us,  than  when  the  hall  is  filled  with  a 
bustling  multitude.  So,  though  the  stars  give  us  their  whole  light 
in  the  daytime,  our  eye,  with  the  stimulus  of  an  illuminated  atmo- 
sphere, fails  to  discover  them.  This  law,  first  stated  by  Fechner, 
is,  in  mathematical  language,  the  excitement  of  a  nerve  varies  in 
arithmetical  progression  as  the  exciting  cause  varies  in  geometrical 
progression,  or  degrees  of  sensation  correspond  to  logarithms  of 
the  quantities  perceived.  Since,  as  just  shown,  the  scale  of  mag- 
nitudes is  that  of  equal  differences  in  sensation,  it  must  be  at  the 
same  time  that  of  equal  ratios  of  Hght.  We  must  thus  have  a 
constant  light-ratio  between  each  magnitude  and  the  one  next  it. 
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and  these  magnitudes  must  be  logarithms  of  the  quantities  of  light 
given,  this  ratio  being  taken  as  the  base  of  our  system.  In  fact, 
one  of  the  first  discoveries  in  photometry  was  that  such  a  ratio 
actually  exists  ;  that,  for  example,  if  each  star  rated  as  third  mag- 
nitude by  good  observers  gives  as  much  light  as  2^  stars  of  the 
fourth  magnitude,  a  star  of  the  fourth  equals  2^  of  the  fifth,  and 
so  on.  Here  was  a  practical  confirmation  of  the  character  ascribed 
to  ancient  estimates  of  magnitude,  and,  at  the  same  time,  of 
Eechner's  law. 

This  relation  affords  us  the  means  of  substituting^  exact  measure- 
ment for  estimates  on  an  ill-defined  scale  by  di&rent  observers, 
among  whom  a  perfect  agreement  as  to  standard  is  out  of  the 
question.  The  idea  that  each  observer  has  of  the  meaning  of  se- 
cond or  fifth  magnitude  is  derived  entirely  from  tradition  and  con- 
firmed by  habit,  very  much  as  are  his  notions  of  the  significance  of 
ordinary  adjectives  of  degree — the  only  precaution  observed  being 
to  alter  the  estimates  of  antiquity  as  httle  as  possible,  a  vague 
limitation  at  best.  Measures  with  the  photometer  depend  no  less 
on  estimates  with  the  eye,  but  the  determination  in  them,  as  to  the 
exact  agreement  of  two  lights,  is  subject  to  far  less  uncertainty. 

Photometers  agree  in  this  particular,  whatever  their  differences 
in  mechanical  construction.  Seidel,  of  Munich,  who  was  twelve 
years  in  comparing  the  light  of  but  208  fixed  stars,  used  an  ap- 
paratus where  two  stars  seen  through  a  telescope  with  divided 
object-glass,  each  out  of  focus,  were  made  of  the  same  brightness 
to  the  eye  by  diffusing  or  concentrating  the  light  of  one  of  them, 
its  half  of  the  object-glass  being  drawn  out  or  in.  The  stars  thus 
appeared  as  two  disks,  of  different  sizes  but  equally  bright,  and 
the  amount  of  light  given  by  each  was  taken  as  proportionate  to 
the  area  covered  by  its  disk.  The  same  Dr.  Zollner  who  has  lately 
become  so  conspicuous  in  "  spiritualist  **  investigations,  invented  a 
much  more  convenient  style  of  photometer,  with  which  he  made 
some  interesting  researches  into  the  comparative  light  of  the 
planets.  Other  astronomers,  European  and  American,  have  also 
used  it.  "With  one  of  these  instruments,  belonging  to  the  observa- 
tory of  Harvard  University,  Mr.  Peirce  finished,  a  few  years  ago, 
perhaps  the  most  extensive  and  methodical  photometric  work  that 
has  vet  been  done.  His  measures  included  the  visible  stars,  about 
five  nuudred  in  all,  of  the  zone  between  40°  and  50*^  of  north  de- 
clination — those  passing  overhead  in  the  Northern  United  States 
and  Canada.  The  light  of  a  kerosene  lamp,  in  Zollner*8  photo- 
meter, shines  through  a  small  round  hole  in  a  thin  metallic  plate, 
so  as  to  form  an  imitation  of  a  star,  slightly  brightar  than  the  real 
stars  with  which  it  is  compared.  The  light  of  this  artifidid  star, 
having  been  polarized  by  passing  through  one  Nicol  prism,  is  par- 
tially cut  off  by  turning  another.  The  proportion  of  light  so  cut  off 
depends  on  the  angle  of  the  second  prism  from  paralleUsm  with  the 
first.  Having  thus  found  the  amounts  of  light  given  by  two  or  more 
stars,  as  compared  with  a  fixed  light,  their  diff^nces  (rf  magnitude 
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are  calculated  by  applying  the  rule  inYolying  logarithms,  alluded 
to  above. 

Owing  to  the  labour  inyolved  in  making  any  large  number  of 
photometric  comparisons,  the  less  accurate  but  more  convenient 
method  of  eye-estimates  has  not  yet  been  entirely  superseded.  It 
becomes  necessary,  then,  to  find  some  way  of  reducing  different 
observers  to  one  uniform  scale,  in  order  to  have  their  work  avail- 
able for  determination  of  variabilify  and  questions  of  disia*ibution. 
Mr.  Pfeirce,  in  his  *  Photometric  Ilesearches,'  recently  published 
by  the  Harvard  College  Observatory,  has  shown  that  this  may  be 
done  by  the  simple  process  of  counting.  When  we  find  in  any 
catalogue  a  star  recorded  as  of  magnitude  4^,  say,  though  we  can- 
not tell  etactly  what  degree  of  brightness  this  figure  denotes,  we 
yet  know  something  definite,  namely,  that  this  observer  classes  the 
star  in  question  as  fointer  than  those  he  calls  4  and  brighter  than 
those  he  calls  4|.  And  we  know  something  more  :  if  in  the  north- 
em  hemisphere — a  limited  part  of  the  heavens  must  be  taken  for 
the  purpose,  few  catalogues  being  complete  in  southern  stars — he 
classes  200  stars  in  all  as  brighter  than  4^,  while  he  calls  25  stars 
4+  exactly,  he  means  to  tell  us  that  his  4^magnitude  stars  would 
1^  fall  between  200  and  225  on  a  list  of  northern  stars  arranged 
in  ordier  of  brightness.  It  is  by  considering  the  order  which  stars 
would  follow  when  so  arranged,  leaving  entirely  out  of  view  the 
numbers  by  which  their  magnitudes  are  expressed,  that  Mr,  Peirce 
brings  all  observers  to  a  single  standard  of  reference ;  for  he  is 
justified  in  assuming  that  each  of  them  attaches  the  same  idea  of 
brightness  to  the  Soth  or  1 50th  star  in  his  order,  as  an  assumption  of 
some  such  nature  must  be  made  to  have  their  estimates  of  any  ser- 
vice at  all.  To  reduce  to  magnitudes  these  numbers  expressing  ordw 
of  arrangement,  we  have  to  notice  that  equal  ratios  among  them  cor- 
respond to  equal  differences  in  magnitude.  If  we  take  a  good  cata- 
logue and  find  the  number  of  stars  in  it  brighter  than  2*0,  and  add  to 
this  number  successively  the  number  between  2*0  and  3*0,  3*0  and 
4'o,  and  so  ouj  we  shall  find  that  our  series  of  numbers  increases 
geometrically,  the  common  ratio  being  nearly  3§.  This  is  a  remark- 
able fact,  but  it  is  not  difficult  to  account  for,  on  the  supposition 
that  the  stars  are  uniformly  scattered  throughout  space,  or  that  por- 
tion of  space  in  which  visible  stars  are  situated.  In  this  case,  the 
number  of  them  out  to  any  distance  from  our  solar  sjrstem  must 
vary  as  the  cube  of  that  distance,  while  their  light,  supposing  no 
important  variations  in  real  size  and  brightness  among  them,  is 
inversely  proportionate,  in  the  mean,  to  the  square  of  their  dis- 
tance. And  since  we  have  a  constant  ratio  of  light  between  each 
magnitude  and  the  next,  we  must  accordingly  have  a  constant  ratio 
of  mean  distance,  equal  to  the  square  root  of  this  ratio  inverted, 
and  a  constant  ratio  of  number,  equal  to  the  cube  of  the  ratio  of 
distance.  .Mr.  Peirce  adopted  the  ratio  3|.  While  introducing  no 
perceptible  change  in  the  traditional  magnitude-scale,  except  to 
rid  it  of  irregularities,  this  number  has  the  convenience  of  being 


Digitized  by 


Google 


200  Double  Stars.  [No.  31. 

exactly  the  cube  of  i|.  GonsideriDg  differences  in  brightness  as 
due  exclusively  to  differences  in  distance,  we  may  conclude  that  a 
star  of  the  second  magnitude,  for  instance,  is  just  half  as  far  agaiu 
from  us  as  one  of  the  first,  and  two  thirds  as  far  as  one  of  the 
third.  The  magnitude  of  any  star,  then,  is  to  be  regarded  as  a 
logarithm  of  the  number  expressing  its  ordinal  rank,  3§  being  the 
base  of  the  system.  We  may  thus  find  to  what  magnitudes  the  or- 
dinal numbers,  200  and  225  in  the  example  given,  correspond,  and 
take  these  as  the  superior  and  inferior  limits  of  our  observer's  magni- 
tude 44^.  The  probable  corrected  magnitude  may  be  considered 
as  halfway  between  these  limits ;  and  we  cannot  be  more  exact 
than  this  in  our  reduction,  because  his  discrimination  has  not  been 
close  enough  to  admit  of  it.  Heitbt  Fabqxjhab. 

[To  be  continued.] 


Double  Stars  for  November. 

Z  183.        EA.  i^  48'»-3,  Dec.  +28''  13'.    Mag.  7-5,  8-2. 

AB  1864  9""'^  Oval.  De. 

AB  and  C  1864  165  7  s"-;  „ 

A  B  probably  binary. 

2  186.        E.A.  I**  49"7,  Dec.  + 1®  15'.    Mag.  7-2,  7*2. 
i877'o         Single. 
The  common  proper  motion  is  -f  o"'09  in  E.A.  and  +o"'22  in 
N.P.D. 

S  185.        E.A.  i*^  5i"-o,  Dec.  +74°  45'-    Mag.  7,  8-5. 
1872  33^-8  i"-79  OS. 

S  196.        E.A.  I**  S2~-9,  Dec.  +20°  26'.    Mag.  8-5,  11. 

A  B  1877-7  52""  2"'49  fi- 

A  0      66-8         166  -3  35  '97  De. 

AD      62'9         361  '6  182  '5  Da. 

OS  37.        E.A.  i^  S5"-2,  Dec  +80°  56'.    Mag.  7,  9. 
18677         2i4°'6  i"-4i  De. 

Probably  binary. 

S  231.        E.A.  2*  e^^-e,  Dec.  —2°  57'.    Mag.  6,  7-8. 
1877  23i°-o  i5"-55  n. 

Binary. 

S  232.        E.A.  2*'  7»7,  Dec.  +29°  50'.        Mag.  75,  7-5. 
1869  248^-4  6"'4i  Du. 

Probably  binary. 
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2  234. 

E.A.  2>^  8*^6,  Dec.  +60^  48'.    Mag.  7-8,  87. 

Binaiy- 

1872           22i°-8             Hong.          De. 

^437. 

ILA.  2'^  i2«-4,  Dec.  +3°  39'.    Mag.  8,  12-13. 

1877-9          3i°*s             7"-24           /3. 

0  Ceti  (/3  discoyered  B).    Mag.  B  13,  C  10. 

AB  1877-8           910-5            74"-ii            /J. 
AC         -8           82  -8          115   62             „ 

JOSKFH  OlSDHILL. 
Ut.  Edward  Oroflflley's  OhaemtOTy, 
Sennenide,  HaUfia. 

Meteor  Notes  for  November  *. 

The  Andromedes  (25°  +43^)  should  be  looked  for  on  every  fine 
night  between  the  24th  and  29th,  as  there  is  reason  to  expect  a 
considerable  display  this  year.  Moonlight  will,  however,  interfere 
to  no  small  extent,  so  that  even  if  the  shower  occurs  with  ex- 
ceptional intensity,  only  the  brighter  meteors  may  be  well  observed. 
The  place  of  the  radiant,  the  horary  number  of  meteors,  and 
t^e  tmie  of  maximum  are  the  chief  points  requiring  attention. 
Other  details,  such  as  the  apparent  lengths  of  the  paths  and  average 
duration  of  flight,  should  also  be  noted,  though  the  brightness  of 
the  moon  will  greatly  embarrass  the  observer,  and  in  any  case 
render  the  expected  display  far  inferior  to  that  of  its  predecessor 
in  1872. 

On  the  mornings  of  the  I3th-i6th  a  watch  should  be  instituted 
for  the  Leonids,  though  the  portions  of  this  stream  encountered  by 
the  Earth  during  the  last  few  annual  returns  have  been  of  extreme 
tenuity  and  the  radiant-point  scarcely  to  be  recognized.  But 
though  the  prospect  of  a  rich  apparition  of  these  meteors  is  very 
meagre,  yet  the  observations  should  be  annually  sustained  at  this 
epoch  to  trace  either  the  extinction  of  the  shower  or  its  inter- 
mittent revivals  recorded  in  past  years.  No  Leonids  were  seen 
last  year,  and  in  1877  only  4  were  recorded  out  of  a  total  of  79 
meteors  seen  on  the  mornings  of  Nov.  11- 14  at  Bristol.  But  in 
America  Prof.  Kirkwood  wrote  that  "two  observers  saw  54 
shootingHstars  on  the  morning  of  Nov.  14,  1877,  between  1.55 
and  3.45  A.M.,  being  at  rate  of  30  per  hour.  Nearly  all  of  them 
were  Leonids,  a  few  being  as  bright  as  ist  mag.  stars,  with  trains 

*  See  '  Obeenratory,*  YoL  i.  p.  227,  and  YoL  ii«  p.  04^1  ^o'  farther  notes  on 
IffoTember  showers. 
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lasting  seyerol  Booonds.'^  Obseryen  wbo  look  annually  for  this 
sbower  should  remember  that  there  are  several  other  well-defined 
streams  of  swift  streak-leaving  meteors  proceeding  from  the  same 
region,  and  that  unless  great  care  is  exercised  the  meteors  are 
ascribed  to  the  wrong  shower.  These  co-Leonid  centres  are  at 
141^  +28°,  130°  -h2o%  147^  +5°  155°  ^se^",  133°  +48°,  i2f 
-h4o°,andi33°  -h3i°. 

The  Taurids  should  be  looked  for  on  about  the  8th  and  2oth-23rd, 
and  during  the  interval  (7th-2ist),  nearly  free  from  moonlight,  the 
many  contemporary  showers  of  this  period  may  be  yeobserved. 

Fireballs  are  more  than  usually  frequent  on  the  night«  of  Nov. 
ist-2nd,  4th,  6th-9th,  iith-i5th,  19th,  and  27th.  The  19th  is 
especially  prolific  in  brilliant  meteors. 

Recent  Observations, — 270  shooting-stars  were  observed  by  the 
writer  at  Bristol  during  the  period  from  Sept.  14-25  ;  but  there 
were  only  two  really  good  nights  for  observations,  viz,  the  14th 
and  2ist,  when  the  following  numbers  were  recorded : — 


September  14. 

September  21. 

Hour. 

Meteora. 

Hour. 

Meteors. 

lO^II 

..       3 

11-12*   . .  . 

.      13 

II  -12 

...      18 

12-13    . . . 

.      19 

12  -13 

...      IS 

13-14   ... 

22 

13  -14 

. . . .     24 

14-15   ... 

.      23 

14  -IS 

....      14 

15-16   ... 

.       8 

IS  -isi 

...       5 

16-16^... 

.       7 

5  hours. 


79 


5^  hours. 


9« 


Sky  very  clear  on  both  nights.  There  had  been  dark  clouds  and 
showers  of  rain  in  the  early  evening  of  Sept.  2 1 ;  but  at  1 1  p.m.  the 
sky  cleared  and  the  stars  shone  with  exceptional  brilliancy  until  day-? 
break.  On  the  14th,  between  13*^  39"  and  13**  49",  no  less  than 
10  meteors  were  seen.  On  the  2  ist,  1 5**  4™  to  1 5**  33",  not  one  was 
registered,  though  the  horary  rate  of  apparition  during  the  pie* 
ceding  four  hours  had  been  about  20 ! 

On  the  15th  the  sky  was  watched  from  8^  to  10**  45"*,  when 
increasing  fog  obscured  the  stars.  26  meteors  were  seen  in  Uie 
2|  hours. 

On  the  20th,  23  meteors  were  recorded  in  2  hra.,  between  12*  and 
15**.  The  sky  was  cloudy  between  13**  and  14**,  though  pretty 
clear  at  other  times. 

On  the  25th,  39  meteors  were  noted  between  1^^  and  16^**.  The 
evening  was  very  stormy,  though  soon  after  11**  the  sky  became 
clear  enough  for  watching,  but  only  five  meteors  were  seen  in  the 
bright  moonlight  before  1 3*". 

There  was  no  radiant-point  of  very  decided  intensity  denoted 
by  these  observations.  The  meteors  seem  rather  to  have  belonged 
to  a  large  number  of  distinct  though  somewhat  feeble  streams,  of 
which  several  were  determined  with  precision. 
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o         u  Metaors. 

n:£?t.il:25;;  IIXaI  1}  very  ewiftbnghtmeteon,  with  streaks. 

III.  Sept.  15-25..  30+36  16    Not  swift;  max.  Sept.  15;  Truwgids. 

lY.  Sept.  14-25..  31  +19  14    Slowish;  max.  Sept.  21 ;  10  meteors. 

V.  Sept.  14-21. .  76  +44  III  Swift  with  streaks  at  o  Aurigsd. 

VI.  Sept.  14-25 . .  76  +32  10  J  Two  showers  of  Aurigids. 

YH.  Sept.  20-21..  192+79  9    Yery  very  slow ;  all  2-3  mags. 

YIII.  Sept.  14-25..  82+75  8    Eather swift;  streaks. 

IX.  Sept.  15-25..  355  +i8  8     Slowish  brilliant  meteors  j  ?  2  fireballs. 

X.  Sept.  21-25.  •  3^  +52  5     Slow;  faint  meteors  s=D.  (77),  134. 

XI.  Sept.  14-21 . .  76+56  7    Meteors  not  Tery  swift ;  max.  Sept.  20. 

Two  morning  showers  were  seen  before  dawn  on  Sept.  26,  at 
103°  +11°  and  108°  +24°.  They  were  also  traced  m  1877, 
Sept.  15-16,  at  101°  +11°  and  113°  +24^  Nos.  I.  and  IL  are 
close  t<^ther,  though  evidently  distinct  showers. 

The  shower  at  /3  Aurigae  (No.  II.)  was  also  observed  last  year 
on  the  morning  of  Sept.  26,  at  87°  +42°  (see  'Observatory,' 
Yol.  ii.  p.  143)- 

The  radiant  No.  YII.,  at  192**  +79^  is  remarkable  as  having 
supplied  some  of  the  slowest  meteors  ever  seen  by  the  writer,  the 
duration  ranging  from  3  to  6  seconds. 

A  radiant-point  preceding  /3  Urs8B  Minoris  was  seen  by  Sawyer 
cm  Aug.  lo-ii  this  year,  at  180°  +78°,  and  by  the  writer  at 
215^+76°  (bright  slow  meteors),  and  a  position  was  also  derived 
from  the  Italian  observations  (1872)  at  180®  +75®  (10  meteors), 
Aug.  24-Sept.  14.  In  1877,  on  Oct.  2-18,  an  exact  radiant-centre 
of.  a  few  small  slowish  meteors  was  denoted  at  186°  +71°. 

The  position  No.  IX.  of  a  shower  of  Pegasids  agrees  very 
closely  with  a  radiant  seen  by  Corder  on  Sept.  21, 1876,  at  352^° 
+ 16^.  Two  small  bolides,  low  in  Cetus,  were  recorded  this  year 
with  paths  as  follows  : — 

Sept.  21..    i4*'36"*  =?.    Prom  28° -19°  to  37° -27°         14° 
25..    13  36     =$.    Prom  48   —16  1058  —22  II 

In  each  case  there  were  two  outbursts,  and  bright  streaks  re- 
mained upon  the  courses. 

These  meteors  give  a  projected  radiant  at  339°  +32°  (just  N.  of  ri 
Pegasi),  audit  is  therefore  doubtful  whether  they  belonged  to  Corder's 
shower,  though  a  very  slight  error  in  the  path-directions  would 
originate  the  discordance  in  the  positions.  Two  radiant^s  of 
September  fireballs  were  deduced  by  the  writer  (see  *  Observatory,* 
No.  29,  p.  131),  at  332"*  +31°,  September  6-13,  and  335°  +37^ 
September  25;  and  the  latter  of  these  accords  remarkably  well 
with  that  of  tlie  two  fireballs  recently  recorded  from  the  point 
339°  +32%  September  21-25,  ^^79* 

The  shower  No.  X.  in  the  list,  at  31°  +  52°,  situated  a  little  8.  of 
Y  Persei,  gave  meteors  of  very  similar  appearance  to  that  of  ^  stx^m 
detected  on  October  8,  1877,  at  32°  +50^ 
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Prof.  A.  S.  Herschel,  at  Edinburgh,  obsenred  a  fine  meteor  on 
Sept.  23,  8^  10"  P.M.,  crossing  the  star  (  XJrss  Majoris.  *'  As  it 
f  eU  almost  yerticalljr  downwcmls  it  increased  in  size  and  brightness, 
until  in  the  middle  of  its  coarse  it  surpassed  by  two  or  IJuee  times 
the  apparent  brilliancy  of  Venus,  and  so  it  continued  until  near 
the  end  of  its  course,  when  it  faded  out  not  very  suddenly.  Its  colour 
was  steel-blue,  and  it  had  little  if  any  tail,  and  left  no  streak  upon 
its  course.  The  apparent  track  of  the  meteor  was  from  (  Urs® 
Majoris  towards,  and  to  within  four  or  five  degrees  of,  a  point  one 
or  two  degrees  left  of  the  star  £  Ursae  Majoris,  which  was  just 
fidntly  discernible  in  mist  quite  dose  to  the  N.  by  W.  horizon;  The 
whole  duration  of  the  meteor's  flight  was  between  3  and  4  sec. ; 
length  of  path  about  25  degrees." 

Mr.  E.  F.  Sawyer  at  Boston,  Mass.,  found  the  shower  of  Persdds 
on  Aug.  10- 1 1  a  very  ordinary  one.  The  best  radiant  was  at 
44^°  +57°.  On  Aug.  II  a  stationary  meteor  and  7  other  paths 
gave  a  radiant  at  38°  +60°.  He  determined  other  centres  at  5° 
+  57°,  17°  +42°,  33°  +37°,  i8o<>  +78^  344°  +42°,  and  358^ 
-1-55°,  from  4  to  7  meteors  each. 

Mr.  H.  Corder  observed  a  shower  of  Draconids  on  about  Aug. 
16  from  the  point  286°  +61°  (10  meteors).  At  the  end  of 
August  he  recorded  31  paths  from  ill-defined  showers  in  Perseus 
and  Auriga,  with  probable  radiants  at  62°  +39°,  79°  +53% 
45°  +60°,  and  29°  +48°.  On  Sept.  7  there  were  6  meteors  from 
45°  +34°,  and  on  the  morning  of  the  21st  a  position  at  46°  +48® 
(a  Persei)  was  well  ascertained  from  5  swift  meteors. 

W.  F.  Dbniting. 


CORRESPONDENCE. 

To  the  Editor  of '  The  Observatory: 

The  Inner  Satellite  of  Mars. 
Sib,— 

My  paper  on  "A  Tidal  Theory  of  the  Evolution  of  Satellites" 
was  merely  a  short  abstract,  and  I  intended  to  leave  the  filU  inves- 
tigation (of  which  I  am  correcting  the  proofs  at  present)  to  CAglain 
the  theory  in  detail.     I  will,  however,  say,  in  answer  to  Profes^ 
Kirkwood's  query,  as  to  how  the  theory  would  explain  the  fact  thaf" 
the  Martian  day  is  longer  than  the  month  of  the  inner  satellite,    \ 
that  such  a  result  must  necessarily  follow  from  the  efEects  of  solar     \ 
tidal  friction.     I  hope  at  some  future  time  to  examine  the  case  of       \ 
Mars  numerically.  ^ 

I  am,  Sir,  yours  faithfully, 
Trinity  College,  Cambridge,  Q.  H.  Daewin. 

Oct  I,  1879.  \ 
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THE    OBSERVATORY, 

A   MONTHLY    REVIEW    OF  ASTRONOMY. 

No.  82.  DECEMBER  1.  1879. 

MEBTmO  OP  THE  EOYAL  ASTRONOMICAL  SOCIETT. 

Eridaj,  1879,  Novembep  14. 

LoBD  LDn>eAT,  M.P.,  F.R.S.,  &c.,  President^  in  the  Chair. 

Secretaries :  Mr.  J.  W.  L.  Glaishzb,  M.A.,  F.B.S.,  and 
Mr.  A.  CowpEB  Raittabi),  M.A. 

Mb.  Glaisheb  reported  that  since  the  htst  Meeting  of  the 
Society  169  presents  had  heen  received,  amongst  which  might  be 
mentioned  Professor  ChalKs's  *  Lectures  in  Practical  Astronomy ;' 
•  Handbook  of  Double  Stars,'  by  Edward  Crossley,  Joseph  Gled- 
hill,  and  J.  M.  Wilson ;  a  book  on  "  Aurorffi,"  by  J.  Rand  Capron ; 
a  present  from  Dr.  Henry  Draper  of  the  original  negatives  of  photo- 
graphs relating  to  oxygen  in  the  Sun ;  also  photographs  of  the 
Moon,  presented  by  Dr.  Gould  of  Cordoba.  Thanks  were  voted 
to  the  Donors. 

Prof.  Adams  read  a  note  on  the  Ellipticity  of  Mars,  and  its 
effect  on  the  Motion  of  the  Satellites  : — It  is  shown  by  Professor 
Asaph  Hall's  able  discussion  of  his  observations  of  the  satellites  of 
Mars  that  the  planes  of  the  orbits  of  both  satellites  are  nearly 
coincident  with  the  planet's  equator.  It  becomes  interestmg  te 
inquire  whether  this  state  of  things  is  a  permanent  one  or  whether 
the  present  near  approach  te  coincidence  of  the  three  planes  in 
question  is  merely  fortuitous. 

The  equater  of  Mars  is  inclined  to  its  orbit  at  an  angle  of 
about  27*^;  and  therefore  if  the  orbits  of  the  satellites  preserved  a 
constant  inclination  to  the  orbit  of  Mars,  as  they  would  do  if  the 
Sun's  action  were  the  only  disturbing  force,  their  inclinations 
to  the  planef  8  equater,  and  still  more  their  inclinations  te  each 
other,  would  in  the  course  of  time  become  considerable. 

In  No.  2280  of  the  *  Astron.  Nachrichten,'  Mr.  Marth  has  found 
the  motion  of  the  nodes  of  th^  orbits  of  the  satellites  on  the  orbit 
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of  Mars  due  to  the  Sun's  action ;  and  he  concludes  that  unless 
there  is  some  force  arising  from  the  internal  structure  of  Mars 
which  counteracts  or  greatly  modifies  the  Sun's  action  on  the  nodes 
of  the  orbits,  those  nodes  will  be  in  opposition  to  each  other  about 
a  thousand  years  hence,  when  the  mutual  inclination  of  the  orbits 
will  amount  to  about  49°. 

It  is  well  known  that  if   there  were  no  external  disturbing 
force,  the  effect  of  the  ellipticity  of  a  planet  on  the  orbit  of  a 
satellite  would  be  to  make  its  nodes  regrede  on  the  plane  of  the 
planef  6  equator,  the  orbit  preserving  a  nearly  constant  inclination 
to  that  plane.     Laplace  has  shown  that  if  the  effects  of  the  Sun's 
action  and  of  the  planet's  ellipticity  be  both  taken  into  account, 
then  the  orbit  of  the  satellite  will  preserve  a  nearly  constant  in- 
clination to  a  fixed  plane,  which  passes  through  the  intersection  of 
the  planes  of  the  planet's  orbit  and  its  equator  and  is  intermediate 
between  these  two  planes.    The  angles  which  the  fixed  plane 
makes  with  the  latter  planes  depend  on  the  ratio  of  the  rates  of 
retrogradation  of  the  nodes  caused  respectively  by  the  action  of 
the  Sun  and  the  ellipticity  of  the  planet.     If ,  as  in  the  case  of  our 
Moon,  the  Sun's  action  produces  a  much  more  rapid  motion  of  the 
nodes  than  is  caused  by  the  planet's  ellipticity,  then  the  fixed  plane 
will  very  nearly  coincide  with  the  planet's  orbit.     But  if ,  as  in  the 
case  of  the  inner  satellites  of  Jupiter,  the  motion  of  the  nodes 
caused  by  the  planet's  ellipticity  is  much  more  rapid  than  that  due 
to  the  Sun's  action,  the  fixed  plane  will  nearly  coincide  with  the 
planet's  equator.     Now  I  fina  that  the  case  of  the  satellites  of 
Mars  is  similar,  in  this  respect,  to  that  of  the  inner  satellites  of 
Jupiter.    The  mean  distance  of  the  first  satellite  from  the  planet 
is  only  about  2^  of  the  planet's  radii,  and  that  of  the  second 
satellite  only  about  7  such  radii,  while  the  periodic  times  of  both 
are  very  small  compared  with  the  period  of  Mars.     Hence  it  arises 
that  for  both  the  satellites  the  rate  of  motion  of  the  nodes  due  to 
ellipticity  greatly  exceeds  that  due  to  the  Sun's  action.     It  is  true 
that  the  actual  dlipticity  of  Mars  is  still  unknown,  and  it  is  pro- 
bably too   small  to  be  ever  capable  of  direct  measurement ;  but 
we  are  not  without  means  of  determining  the  probable  amount 
of   this   ellipticity  within  limits  which    are  close   enough  fully 
to  justify  the   assertion  just  made.     From  the  observed  ratio 
of  the  apparent  diameter  of  Mars  to  the  apparent  distance  of 
either  of  the  satellites,  combined  with  the  ratio  of  the  known  time 
of  the  planef  s  rotation  to  the  periodic  time  of  the  satellite,  it  may 
be  deduced  that  the  ratio  of  the  centrifugal  force  to  gravity  at 
Mars's  equator  is  about  ■^.    Hence  it  follows  that  if  the  planet 
were  composed  of  homogeneous  matter  the  ellipticity  would  be 
about  y4^.    If,  on  the  other  hand,  the  density  followed  the  same  law 
as  in  tne  case  of  our  earth,  the  ellipticity  would  be  about  y|-g-. 
In  all  probability  the  actual  ellipticity  lies  between  these  limits. 

The  following  Table  shows  the  annual  motions  of  the  nodes  of 
the  two  satellites,  due  respectively  to  the  Sun's  action  and  to  the 
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ellipticity  of  the  planet,  supposmg  that  ellipticity  to  have  either  of 
tibe  valaes  just  mentioned.  It  ^o  shows  the  corresponding  in- 
clinations of  the  fixed  planes  to  the  planefs  equator. 


Annual  motion 

of  node  due  to 

Son's  action. 


Annual  motion  of  node 
due  to  elIii>tioit7, 
supposing 
Baiipt.=Tir'   Ellipt.=^ 
182°  113° 

7^-35  4°-57 


Inclination  of  fixed 


plane  to  planet's 
>quator,  supposing 
EUipt-yfr.  EUipt-yJ^ 

31"  50" 


SO'  1°  19' 


Sat.  I o'o6 

Sat.  II.     . .    0*24 

Erom  this  table  it  may  be  inferred  that  the  fixed  plane  for  the 
first  satellite  is  inclined  at  less  than  i'  to  the  plane  o£  Mars's 
equator,  and  that  the  inclination  of  the  fixed  plane  for  the  second 
sateUite  is  about  i^ 

The  ellipticity  will  also  produce  rapid  direct  motions  of  the 
apses  of  the  orbits,  especially  in  the  case  of  the  first  satellite. 
Acc(»rding  to  Professor  Hall's  determination,  the  orbit  of  this 
satellite  has  a  sensible  eccentricity,  and  therefore  future  obser- 
Tations  will  enable  us  to  determine  the  motion  of  the  apse,  and 
thence  to  find  a  very  accurate  value  of  the  ellipticity. 

If  further  observations  should  show  that  the  orbits  of  the 
Mttellites  are  sensibly  inclined  to  their  fixed  planes,  it  will  be 
possible  to  determine  the  motions  of  the  nodes  on  their  respective 
fixed  planes,  and  thence  to  deduce  another  value  of  the  ellipticity. 

It  is  extremely  desirable  that  the  few  observers  who  are  in 
possession  of  adequate  means  should  obtain  as  many  good  obser- 
vations of  the  satellites  as  possible  during  the  present  opposition 
of  Mars,  so  that  no  opportunity  may  be  lost  of  throwing  some*  light 
on  both  of  the  points  which  have  been  mentioned  above. 

Mr,  Marih,  The  inclination  of  the  equator  of  Mars  to  its  orbit 
has  till  lately  been  assumed  to  be  27°  or  28^ ;  but  the  observations 
of  1877  made  by  Asaph  Hall  and  Schiaparelli  tend  to  show  that  a 
considerable  correction  is  required.  Of  course,  observations  made 
during  one  opposition  only  merely  indicate  the  direction  of  the 
pole  (3  the  planet's  equator ;  and  it  is  necessary,  in  order  to  find 
the  pole  itself,  to  have  also  observations  in  oppositions  when  the 
place  of  Mars  is  considerably  distant.  If  one  makes  fair  allowance 
for  this,  I  think  one  can  only  deduce  that  the  equator  o£  Mars  is 
really  almost  coincident  with  the  planes  of  the  orbits  of  the  satel- 
lites. One  difficulty  about  it  is  that  Hail  and  Schiaparelli  disagree 
somewhat ;  and  it  is  to  be  hoped  that  the  discrepancy  may  be  cleared 
up,  and  that  careful  observations  are  being  made  for  determining 
what  is  the  position  of  the  axis.  As  regards  the  effect  of  the 
ellipticity,  it  is  possible  perhaps  that  in  1881  the  motion  of  the 
node  will  be  alreadv  perceptible ;  but  if  this  year's  observations  are 
not  far  more  abundant  than  at  present  there  is  any  sign  of,  I  am 
afraid  that  they  will  not  be  sufficient  to  fix  the  node,  and  we  shall 
have  to  wait  imtil  the  year  1890.  The  opposition  in  1890  will  not 
be  favonrable  for  northern  observers  ;  but  no  doubt  1892  or  1894 
will  decide  this  question  to  a  degree  of  accuracy  which  we  have 
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hitherto  had  no  chance  of  hoping  for.  I  may  mention  with  regard 
to  Mr.  Common,  that  up  to  this  time  he  is  the  only  observer  in 
Europe  who  has  seen  both  these  satellites.  Deimos  is  behind  its 
predicted  place  about  4°,  and  Phobos  in  advance  about  50%  and  the 
time  of  revolution  of  Phobos  must  be  shortened  by  a  second  and  a 
half.  I  can  only  hope  that  Mr.  Conunon  will  be  successful  in 
following  both  satellites  as  long  as  possible.  Unfortunately,  in 
order  to  fix  the  node  with  any  degree  of  certainty,  it  is  necessary 
to  get  observations  very  close  to  the  planet.  Mr.  Conmien  goes 
near,  but  not  sufficiently  so  as  to  fix  the  node.  There  is  no  question 
that  these  satellites  are  a  great  treat  from  more  than  one  point  of 
view ;  and  in  time  they  will  enable  astronomers  to  determine  the 
elliptieity  of  the  planet  with  an  accuracy  which  could  not  have  been 
hoped  for. 

Mr,  Stone,  who  was  received  with  a  very  cordial  welcome,  read  a 
paper  on  the  evidence  of  a  past  connexion  between  four  widely 
separated  southern  stars.  It  appeared  that  the  four  stars  i^  and 
^  Eeticuli  (distant  5'),  «  Eridani  (distant  19°  from  f  Beticuli)  and 
(^  Canis  (distant  33°)  had  a  common  proper  motion  amounting  to 
T89"  since  Lacaille's  time,  and  that  both  e  Eridani  and  ^  Oonis 
were  very  slowly  separating  from  (  Eeticuli  and  from  each  other, 
the  velocity  of  separation  being  greater  the  greater  the  distance  of 
the  stars.  Thus  they  form  a  triangle,  which  may  have  been  closed 
up  at  some  time,  perhaps  400,000  years  ago. 

Also  a  paper  on  the  comparison  between  the  E.A.'s  and  N.P.D.'s 
of  the  'Nautical  Almanack'  and  the  Cape  Catalogue  for  1880,  in 
the  course  of  which  he  observed : — In  my  Cape  work  the '  Nautical 
Almanack '  stars  have  not  been  so  carefully  observed  as  a  greater 
number  of  small  stars ;  but  a  considerable  number  have  been 
observed,  and  the  results  are  interesting  on  one  point.  The  re- 
fraction tables  I  used  at  the  Cape  were  BesseFs  refraction  tables, 
without  the  change  which  he  introduced  in  passing  through  Z.D. 
85®.  Individually  I  cannot  think  that  such  a  change  is  either 
theoretically  or  practically  admissible.  It  seems  to  me  absurd  to 
introduce  an  arbitrary  break  in  the  refractions  as  you  pass  a  zenith- 
distance  like  85^.  If  Bessel's  refraction  tables  do  require  it,  then 
I  should  say  that  undoubtedly  the  theory  is  incomplete  or  defective, 
and  we  should  see  whether  we  cannot  get  something  better  in  the 
way  of  a  set  of  refraction  tables  than  those  at  present  in  existence. 
I  ivided  the  stars  into  four  groups  of  N.P.D.,  and  the  corrections 
to  the  'Nautical  Almanack '  N.P.D.'s  are : — 

N.P.D 4o°-6o*'        60^-90°       90*^-105°      io5°-i24° 

Corr.  toN.A.  ..    -o"-33         — o"'35         — o"-i5         -o"-4o 

These  are  only  mean  results  for  the  ^ups ;  there  may  be  larger 
residuals  at  certain  parts  of  the  circle.  We  may,  I  think,  apply  the 
mean  correction  —  o"'3i  to  all  of  them.  If  we  do  that  it  becomes 
a  point  of  interest  that  they  should  be  put  in  order  of  B.A. ;  and 
when  put  in  order  of  E.A,  the  following  result  came  out : — 
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E^ o'-6'       6''-i2^     i2'-i8^     i8^-24»» 

Corr.  toN.A -o"-24     — o"-ii     +o"-3o     -l-o"*o6 

Considermg  the  seasons  at  whidi  the  stars  in  the  several  groups 
are  observed,  the  result  will  amount  to  this,  that  in  the  dry  season 
that  we  get  in  December,  January,  and  February,  our  refraction 
tables  are  relatively  too  big,  whilst  in  the  wet  season  that  we  get 
in  May,  June,  and  July  the  refraction  tables  are  relatively  too 
small.  Though  there  is  a  great  change  of  temperature  contempo- 
raneous with  this  change  of  moisture,  it  is  yet  extremely  probable 
that  the  humidity  is  a  sensible  factor  in  the  refractions.  Certainly 
this  observation  shows  that  the  correction  for  temperature  has  not 
been  sufficient  to  carry  us  over  the  complete  reversal  that  takes 
place  between  northern  and  southern  observatories.  The  barometer 
used  was  the  standard  barometer  of  the  Observatory,  and  the  ther- 
mometer was  the  dry-bulb  thermometer  and  had  an  error  of  about 
+ o°*55 .  I  have  not  apphed  it,  because  I  have  compared  the  N.P.D/s 
amongst  themselves,  and  they  agree  sufficiently  closely  to  satisfy 
me,  and  there  I  have  left  it.  The  refractions  practically  are  not 
exactly  Bessel's  mean  refractions,  but  Bessel's  mean  refractions 
diminished  by  something  very  small. 

Mr.  Waters,  With  reference  to  Mr.  Stone's  first  paper  and  the 
very  interesting  work  which  he  showed,  will  he  be  good  enough  to 
say  whether  the  stars  which  aire  moving  with  a  common  motion 
are  all  of  the  same  magnitude  ? 

Mr.  Stone.  They  are  neari^  all  of  the  same  magnitude,  viz.  the 
41^  and  5th  magnitude.  So  nir  as  I  could  infer  ^e  masses  from 
the  brightness,  there  would  be  no  very  great  difference  in  the 
masses. 

Mr.  Dunkin.    What  is  the  angular  distance  between  the  stars  ? 

Mr.  Stone.  The  first  two  are  only  about  5' ;  the  others  about 
19°  and  33°. 

Mr.  DunJcin.  That  seems  a  great  distance  for  the  stars  to  be 
physically  connected  with  each  other. 

Mr.  Stone.  Yes,  it  does ;  but  still  their  relative  proper  motion 
might  bring  them,  together  in  a  period  of  about  400,000  years — 
a  period  whidi  gecdogists  would  not  consider  long.    (Laughter.) 

Mr.  Ranyard.  I  want  to  know  whether  the  relative  proper 
motions  are  sufficiently  large  to  enable  one  to  say  that  their 
directions  idl  meet  at  a  point. 

Mr.  Stone.  No.  I  merely  show  that  the  resultant  of  the  proper 
motions  of  each  star  relatively  to  the  other  two  falls  within  the 
angle  of  the  triangle  formed  by  the  three  stars.  The  observations 
are  not  sufficient  to  determine  the  term  depending  on  the  square 
of  the  time  which  enters  into  the  expressioA  of  the  proper  motion. 

Mr.  Dunkin.  It  ought  to  be  understood  that  the  *  Nautical 
Almanack '  places  compared  with  those  given  by  Mr.  Stone  are 
really  the  Greenwich  places  from  ihe  1864  catalogue ;  so  that  when 
Mr.  Stone  compares  them  with  the  *  Nautical  Almanack '  he  compares 
the  Cape  with  Greenwich. 
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Mr,  OhrisHe  read  a  paper  received  from  Prof.  J.  G.  Draper  on  a 
photograph  of  the  solar  spectrum  showmg  fine  dark  lines  in  certain 
spaces  near  G,  which  correspond  in  position  with  bright  lines  of 
the  spectrum  of  oxygen.  [The  photograph,  which  wa3  taken  with 
a  Butherfurd  difEraction-grating  heliostat  and  concave  mirror, 
was  exhibited  at  the  meeting,  and  Mr.  Christie  indicated  on  the 
black-board  the  positions  of  the  fine  absorption  lines  which  Prof. 
J.  0.  Draper  considered  to  represent  the  spectrum  of  oxygen  in 
the  Sun.] 

Mr,  Eanyard,  Did  I  understand  that  there  has  been  no  attempt 
to  photograph  the  spectrum  of  oxygen,  but  that  this  has  been 
entirely  work  upon  the  solar  spectrum  ? 

Mr,  Christie.  So  far  as  this  work  is  concerned.  Mr.  Draper 
has  simply  sent  me  the  photograph  with  a  description.  In  this 
photograph  there  is  no  comparison  with  the  spectrum  of  oxygen. 

Mr.  Ranyard.  I  take  it  that  this  is  no  new  experiment  with 
regard  to  the  spectrum  of  oxygen.  This  is  merely  a  theory  of 
Prof.  Draper's,  that  under  certain  conditions  the  oxygen  Hnes 
would  break  up,  but  with  bright  spaces  opposite  the  lines  where 
oxygen  shows  with  any  dark  lines  which  happen  to  be  upon  those 
spaces. 

Mr.  Christie.  The  experiment  is  with  regard  to  the  solar 
spectrum.  In  this  paper  there  is  no  comparison  with  the  oxygen 
spectrum.  But  I  omitted  to  mention  that  Prof.  J.  C.  Draper  (^s 
attention  to  the  fact  that  those  spaces  between  the  dark  liues  in 
the  Sun  are  actually  less  bright  than  other  spaces  on  the  more 
refrangible  side  of  G- ;  and  from  that  he  infers  that  there  is  a 
certain  absorption  in  those  spaces,  and  that,  as  there  are  oxygen  lines 
there,  that  absorption  must  be  due  to  oxygen. 

Mr.  De  la  Hue.  I  was  recently  in  Hiamburg,  and  I  there  saw 
the  mounting  of  a  telescope  for  Dr.  Winuecke,  at  Strassburg,  made 
by  Messrs.  Bepsold.  It  is  a  remarkable  piece  of  mechanical 
engineei^Dg.  I  think  it  will  prove  extremely  rigid,  but  at  the 
same  time  very  mobile.  But  I  do  not  wish  to  pass  any  eulogium 
upon  this  mounting,  but  only  to  call  attention .  to  a  new  conical 
pendulum  which  the  Messrs.  Bepsold  were  so  good  as  to  describe 
to  me,  and  which  I  think  will  solve,  or  at  all  events  go  far  in  the  di- 
rection of  solving,  the  very  important  problem  of  a  conical  pendulum, 
which  will  give  a  true  and  continuous  motion  without  any  very 
'  great  variation  of  rate.  The  pendulum  is  a  steel  rod,  with  a  ball 
and  a  prolonged  end,  driven  by  a  crank  with  a  slot  in  it.  When 
at  rest,  this  rod  will  be  vertical,  with  the  end  engaged  in  the  slot, 
and  capable  of  moving  along  it  according  to  the  velocity.  This  rod 
is  clipped  quite  tight  at  the  top,  as  if  held  in  a  vice.  When  motion 
is  given  to  the  pendulum  it  wul  move  conically,  and  will  gradually 
move  away  from  the  centre.  The  main  force  which  tends  to  bring 
the  pendidum  to  the  vertical  is  not  the  force  of  gravity,  but  the  elas- 
ticity of  the  rod.  In  reality  it  is  a  conical  pendulum  very  much  upon 
the  principle  of  the  balance-wheel  and  spring  of  a  watch.    Messrs. 


Digitized  by 


Google 


1879.]  the  Royal  Astronomical  Society.  225 

Bepsold  did  not  show  me  any  experiments,  because  I  had  not  time 
to  see  them ;  bat  they  showed  me  a  record  of  them ;  and  it  would 
appear  from  that,  that  when  the  driving  weight  on  the  clock  was 
increased  to  15  times  its  usual  amount,  the  variation  in  the  rotation 
was  not  more  than  0*4  per  cent.  It  really  appears  to  me  that 
this  is  the  most  valuable  idea  that  we  have  had  with  regard  to  the 
solution  of  this  very  important  point. 

The  President.  As  I  understand,  this  is  an  instance  of  a 
pendulum  which  is  rigidly  fixed  at  the  point  of  suspension. 
Therefore  all  the  motion  in  the  pendulum  is  got  from  the  elasticity 
of  the  metal  at  the  point  of  suspension. 

Mr,  De  la  Hue.    Yes,  and  in  the  whole  rod. 
TTie  President.    This  steel  rod  would  have  to  be  of  extremely 
aniform  diameter,  otherwise  it  would  move  in  an  ellipse. 

Mr.  Be  la  Rue.  It  was  a  circular  rod ;  and  I  imagine  that 
great  care  was  taken  in  the  construction  of  the  pendulum  in  the 
hands  of  such  skilful  mechanicians  as  Messrs.  Bepsold. 

The  President.  Is  this  a  pendulum  giving  a  2-second  rotation, 
or  39-in.  pendulum  ? 

Mr.  De  la  Rue.  That  would  entirely  depend  upon  the  gearing 
of  the  dock  that  was  to  drive  the  equatoreal.  I  think  the  pendu- 
lum was  intended  to  be  about  2  feet  long. 

A  Fellow.  If  the  action  of  the  pendulum  is  not  at  all  due  to 
gravity,  the  length  has  nothing  to  do  with  the  rotation ;  and  if 
there  is  a  weight  at  the  bottom,  as  appears  in  the  drawing  on  the 
board,  I  should  take  it  that  gravity  has  something  to  do  with  it. 

Mr.  De  la  Rue.  It  was  more  &fagon  deparler  to  show  that  the 
main  force  involved  in  bringing  it  to  the  vertical  was  the  elasticity 
of  the  rod. 

A  Fellow.  The  rotation  really  depends  upon  the  strength  of  the 
rod,  and  not  upon  its  length. 

Mr.  De  la  Rue.  That  is  perfectly  true,  but  I  have  not  gone  into 
any  of  those  questions ;  I  have  only  given  a  short  account  of  the 
pendulum. 

T?ie  President.  1  am  very  much  obliged  to  Mr.  De  la  Bue.  I 
must  say  that  it  opens  quite  a  new  field  for  pendulum  work. 

Mr.  Neison.  Did  Messrs.  Bepsold  drive  it  under  very  different 
temperatures? 

Mr.  De  la  Roe.  The  only  experiment  which  Messrs.  Bepsold 
brought  under  my  notice  was  the  question  of  the  differences  of  driving 
weight.  It  is  not  intended  in  any  way  to  be  a  pendulum  which  is 
to  go  from  year  to  year,  at  the  same  r^te,  because  that  is  easily 
adjustable.  If  we  can  get  a  pendulum  which  will  drive  a  telescope 
one  hour  or  two  hours  at  a  perfectly  uniform  rate,  we  shall  have 
accomplished  what  has  never  been  accomplished  before. 

The  President.  I  think  a  pendulum  can  be  made  to  do  so  very 
nearly  perfectly ;  I  am  sure  that  mine  does. 

Mr.  MaanveU  HaU  read  a  paper  on  the  Nebula  in  fhe  Pleiades, 
o£  which  he  had  made  a  drawing,  as  seen  in  his  4-inch  refractor  at 
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Jamiica,  where  be  was  ^voured  with  splendid  skies.  He  finds 
the  nebula  to  be  ellip^cal  in  shape,  with  a  major  axis  of  45'  and  a 
minor  of  30',  enveloping  Merope  and  stretching  in  the  s  p  direction 
or  away  from  Alcyone.  With  respect  to  the  supposed  variability 
of  this  nebula,  after  smnmarJEing  the  evid^iee  he  concluded  that 
its  visibility  depends  greatly  on  the  state  of  the  air,  and  not  on 
large  aperture  of  the  telescope. 

Dr,  Schuster  read  a  paper  on  the  Polarization  of  the  Oorona : — 
We  have  every  reason  to  believe  that  polarization  whidi  has 
been  observed  in  the  solar  corona  has  l^e  same  cause  as  the  polari- 
sation of  our  atmosphere,  and  that  it  is  therefore  due  to  the  scat- 
tering of  light  by  particles  which  are  small  compared  to  a  wave  of 
light.  We  possess  one  or  two  measurements  of  the  amount  of 
polarization  in  the  corona,  and  we  know  that  ihia  polarization  is 
comparatively  small  near  the  edge  of  the  Sun,  increases  at  first  as 
we  move  away  from  the  Sun,  reaches  a  maximum  and  then  decreases 
rapidly.  We  have  at  present  no  knowledge  of  the  meaning  of 
these  changes  and  of  the  amount  of  polarization  which  we  have  a 
right  to  expect  if  our  explanation  of  its  cause  is  correct.  In  the 
following  paper  I  have  endeavoured  to  supply  this  deficiency.  I 
began  the  calculation  in  the  hope  of  getting  a  rough  idea  only  of 
the  amount  of  polarization  which  we  might  expect ;  but  it  appeared 
that  even  such  obs^vations  as  we  can  make  in  the  short  time 
available  during  a  total  solar  eclipse  may  yield  most  important  in- 
formation on  the  constitution  01  the  solar  atmosphere.  I  shall 
show  how  combined  measurements  of  the  polarization  at  different 
distances  from  the  Sun,  and  of  the  decrease  in  intensity  of  the  total 
light  of  the  corona  with  increasing  distance  from  the  Sun,  may 
furnish  us  answers  to  the  following  questions  : — 

1.  In  what  way  is  the  scattering  matter  distributed  in  the  solar 
atmosphere  ? 

2.  What  part  of  the  light  sent  out  by  the  corona  is  due  to 
scattering  matter? 

3.  Is  the  scattering  matter  projected  outwards  from  tiie  Sun, 
or  is  it  falling  into  the  Sun  from  outside  ? 

Even  if  our  observations  are  incomplete  we  may  obtain  rough 
answers  to  the  two  first  questions,  while  the  Uiird  will  necessitate 
more  careful  measurements. 

The  first  step  in  the  investigation  is  necessarily  the  calculation 
of  the  polarization  shown  by  a  single  particle  when  placed  at  dif- 
ferent distances  from  a  luminous  sphere.  I  have  already  given  the 
results  of  this  part  of  the  work  in  the  *  Monthly  Notices  of  the  Boy. 
Astr.  Soc.'  Vol.  xxxix.  p.  46.  The  light  scattered  by  a  particle  may 
be  divided  into  two  parts.  The  first  is  unpolarized,  and  the  same 
as  if  the  particle  were  self-luminous.  This  part  decreases  as  the 
particle  is  removed  from  the  centre  of  the  luminous  sphere.  The 
second  part  of  the  light  is  partially  or  totally  polarized,  and  is  the 
same  as  if  the  luminous  sphere  were  replaced  by  a  luminous  point, 
shining  with  an  intensity  which  vanishes  dose  to  the  luminous 
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flpbere,  and  increases  wit^  inoreasing  distances  from  it.  If  a 
scattering  particle  is  therefore  placed  dose  to  the  Sun,  the  light 
will  be  wholly  unpolarized ;  if  the  distance  from  the  Sun  is  large, 
the  luminous  sphere  may  be  replaced  by  a  luminous  pcnnt. 

Light  scattered  from  an  atmosphere  of  small  particles  is  next 
iBTestigated.  The  simplest  supposition  to  make  is,  that  the  density 
of  scattering  particles  does  not  vary  with  the  distance  from  the  Sun. 
The  intensities  of  the  two  components  of  light  (the  radial  and 
tangential  component)  and  the  polarization  are  expressed  in  the 
complete  elliptic  integrals  of  the  first  and  second  kinds.  If  the 
density  of  scattering  particles  varies  inversely  as  any  power  <^  the 
distance  from  the  Sun,  the  calculation  becomes  more  complicated. 
If  the  power  is  even,  the  expressions  can  be  reduced  to  elliptic  in- 
tegrals :  if  the  power  is  odd,  the  integrations  can  be  p^ormed. 

Without,  however,  completing  the  calculation,  it  can  be  proved 
tiiat 

The  polarization  mutt  increase  with  increasing  distances  from  the 
8un,  if  the  scattering  matter  is  distriinUed  according  to  any  inverse 
power  of  the  distance  from  the  Sim, 

Tables  are  added  to  the  paper  which  give  the  amount  of  po- 
larization at  diSerent  distances  from  the  Sun  for  various  laws  of 
distribution. 

If  the  law  of  distribution  of  the  scattering  particles  ccmtains 
more  than  one  term,  the  polarization  does  not  necessarily  always 
increase  with  increasing  (ustance  irom  the  Sun  ;  but  it  is  shown 
that  close  to  the  Sun  it  always  must.  I  have  followed  out  the 
case  that  the  law  of  distribu^on  contains  but  two  terms,  each 
varying  inversely  as  some  power  of  the  distance  from  the  Sun's 
centre ;  the  case  of  one  of  the  exponents  becoming  zero  is  included. 
I  have  arrived  at  the  following  result : — 

If  the  two  terms  are  of  opposite  sign,  the  polarization  will  always 
increase  with  increasing  distance  from  the  Sun.  If  they  are  of  the 
same  sign,  and  if  the  two  exponents  differ  by  one  only,  the  polarization 
wiU  first  increase,  reach  a  maadmum,  and  then  decrease  again.  If 
the  two  exponents  differ  by  more  than  two,  the  polarization  will  either 
steadily  increase,  or  have  first  a  maximwm,  then  a  minimum,  and 
JinaMy  increase  again.  If  the  exponents  differ  by  two,  the  behaviour 
will  depend  on  the  relative  value  of  the  constant  factors. 

A  formula  is  given  for  the  approximate  calculation  of  the 
TnATimnnn  of  polarization  for  the  case  in  which  the  constants  are 
determined  in  such  a  way  that  the  maximum  is  as  near  to  the  Sun 
as  possible. 

If  instead  of  the  luminous  sphere  we  have  only  a  luminous 
point,  the  investigation  is  much  simpMed,  and  we  arrive  at  the  two 
idUowing  laws : — 

If  the  distribution  of  matter  takes  place  according  to  any  inverse 
power  of  the  distance,  the  polarization  is  constant  and  independent  of 
the  distance  from  the  luminous  point. 
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If  the  distrilytUuyii  of  matter  surrounding  a  luminotis  point  is 
expressed  by  the  law    "^-j.^,    the  jpolarization  as  looked  at  from  a 

jpoint  outside  the  scattering  atmospTiere  will  steadily  increase  if  A^ 

is  negative,  and  steadily  decrease  if  A^  is  positive. 

In  reality,  as  has  been  alre^idy  said,  the  polamation  of  the 

corona  shows  a  maximum  at  a  distance  of  a  few  minutes  from  the 

Sun.    It  is,  however,  clear  that  this  maximum  is  not  due  to  any 

peculiar  distribution  of  scattering  matter,  but  to  a  large  admixture 

of  unpolarized  light.     The  scattering  particles  themselves  are  no 

doubt  self-luminous ;  we  may,  in  addition,  have  light  scattered  by 

particles  which  are  too  large  to  polarize  the  light,  or  light  due  to 

luminous  gases.    The  addition  of  this  unpolamed  light  may  easily 

produce  the  maximum  which  is  observed.     I  first  assume  that  this 

unpolarized  light  does  not  vary  at  different  distances  from  the  Sun. 

Under  this  assumption  it  is  easy  to  find  for  a  given  position  of  the 

maximum,  and  for  a  given  law  of  distribution  of  scattering  particles, 

what  must  be  the  proportion  of  light  due  to  the  two  causes,  and 

also  what  the  polarization  at  the  maximum  ought  to  be.     A  table 

is  added  to  the  paper  in  which  these  quantities  are  given.     The 

most  general  case,  which  is  what  we  have  actually  to  deal  with,  is 

next  investigated.     It  is  shown  how,  by  a  combination  of  the  po- 

lanmetric  and  intensity  observations,  we  obtain  a  quantity  which 

is  a  function  of  the  distance  from  the  Sun,  and  which  only  depends 

on  the  light  due  to  scattering  particles,  and  not  on  any  addition  of 

unpolanssed  light.    Assuming  the  distribution  of  scattering  matter 

be 
to  take  place  according  to  a  law,  a+ -  +— ,    we  can,  by  constructing 

tables  corresponding  to  the  different  terms  in  the  expansion,  find 
out  what  values  of  a,  6,  c,  &c.  agree  most  nearly  with  observation. 
Having  found  a  law  which  agrees  with  observed  facts,  we  easily 
deduce  the  relative  amount  of  light  due  to  the  two  causes  at  dif- 
ferent distances  from  the  Sun. 

If  our  observations  are  sufficiently  accurate,  we  may,  for  in- 
stance, find  out  whether  in  the  above-mentioned  expansion  a  is 
zero  or  not.  If  a  has  a  finite  value  it  will  be  exceedingly  probable 
that  the  scattering  matter  is  falling  into  the  Sun ;  for  if  it  was 
projected  outward  we  should  expect  a  rapid  diminution  and  final 
vanishing  of  the  qiiantity  of  scattering  matter  with  increasing 
distance  from  the  Sun's  centre. 

Mr,  Eanyard,  I  have  not  had  an  opportunity  of  reading  Dr. 
Schuster's  paper  at  leisure ;  but  from  a  hasty  examination  of  it  it 
seems  that  he  has  succeeded  in  making  several  new  steps.  I  do 
not  think,  however,  that  it  will  be  found  to  afford  a  means  of 
determining  the  distribution  of  the  matter  of  the  corona,  or  that 
there  is  any  simple  law  with  regard  to  the  distribution  of  the 
polarizing  particles  round  the  Sun.  There  seems  to  be  no  evidence 
tending  to  show  that  there  is  any  concentric  arrangement  of  the 
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matter  of  the  corona,  and  there  is  a  great  deal  to  show  that  a  great 
part  of  the  matter  of  the  corona  is  arranged  in  great  ray-like  struc- 
tures, some  of  which  are  nearly  radial  and  some  almost  tangential ; 
but  there  is  nothing  to  show  that  there  is  a  uniform  distribution 
according  to  any  simple  law  in  the  different  parts  of  the  corona  as 
we  pass  away  from  the  Sun's  limb. 

There  are  a  great  many  interfering  elements  which  cannot  be 
eliminated.  F^rst  there  is  the  air  polarization,  extending  all  over 
the  whole  area  of  the  corona ;  this  no  doubt  varies  in  different 
eclipses  according  to  the  illumination  of  the  clouds  upon  the 
horizon.  There  is  also  the  possible  incandescence  of  the  light- 
dispersing  particles  to  be  taken  into  account,  as  well  as  the  incan- 
descence of  the  gas,  which  we  know  exists  in  the  area  of  the 
corona :  so  that  I  do  not  think  we  shall  ever  be  able  to  learn  much 
from  the  polarization  of  the  corona  as  to  the  distribution  of  the 
polarizing  particles.  But  it  is  a  most  interesting  field  for  inves- 
tigation. 

The  President,  The  Society  will  join  me  in  thanks  to  Dr.  Schuster 
for  his  interesting  paper.  The  Society  will  be  happy  to  hear  that 
Mr.  Eanyard  has  been  able  to  send  the  41st  volume  of  the  Memoirs 
to  the  printer ;  and  I  hope  it  will  soon  be  in  a  position  to  be  pre- 
sented to  the  Society. 

Capt.  Noble  read  a  paper  on  two  sketches  of  Jupiter  showing  the 
red  spot.    He  remarked : — 

In  a  paper  read  before  the  Society  by  Mr.  Brett  in  June  1876, 
he  directed  their  notice  to  the  fact  that  the  bright  spot  sometimes 
casts  a  shadow.  On  the  night  when  my  sketch  was  made  the  spot 
not  only  cast  a  shadow,  but  two  shadows,  which  were  visible  one  on 
its  preceding  and  the  other  on  its  following  side.  I  confess  that 
no  immediate  explanation  of  this  occurs  to  me. 

Mr,  Common,    Did  you  observe  the  big  spot? 

Capt  Noble.  Yes.  Everybody  has  noticed  the  way  in  which 
the  whole  of  the  surroundings  seem  to  conform  to  the  contour  of 
this  spot,  showing  the  enormous  distance  to  which  the  disturbance 
indicated  by  it  extended ;  but  I  am  referring  to  the  ordinary  white 
spots.  Mr.  Brett  put  forward  the  theory  that  they  cast  shadows, 
and,  I  confess,  sustained  his  theory  by  showing  that  in  all  cases 
the  shadow  fell  where  it  ought  to  have  fallen ;  but  in  my  case, 
whilst  I  had  a  shadow  where  it  ought  to  have  been,  I  had  a  shadow 
where  it  ought  not  to  have  been. 

Mr,  Brett.  I  never  intended  to  say  that  you  saw  a  shadow.  I 
never  supposed  that  you  would  know  one  if  you  did. 

Mr,  Ranyard,  There  is  an  old  drawing  by  Mr.  Lassell  in  the 
•Monthly  Notices '  with  a  shadow  or  dark  marking  all  round  a  cen- 
tral white  space ;  such  markings  have,  I  think,  been  spoken  of  as 
smallpox  markings.  I  was  at  one  time  interested  in  the  question 
of  a  possible  connection  between  the  bright  markings  on  Jupiter 
and  sun-spots,  and  I  came  to  the  conclusion  that  there  was  some 
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eyidence  in  &yoiir  of  such  a  connection.  In  looking  up  this  ques- 
tion I  made  a  collection  of  copies  of  drawings  of  Jupiter  i^hich 
are  now  in  the  library  of  the  Society.  It  is  worthy  of  notice  l^iat 
sun-spots  are  beginning  to  be  observed  again ;  and  here  are  tiieae 
bright  markings  and  the  red  appearance  of  the  plan^  again  in 
agreement  with  the  theory.  I  should  Uke  also  to  remark  that,  as 
^  as  I  remember,  these  elliptic  markings  have  always  been  seen 
in  the  southern  hemisphere  of  Jupiter. 

Mr,  Neisen.  Mther  the  night  or  the  night  after  Capt.  Noble 
made  his  sketdiee  of  Jupiter,  I  was  observing  Jupiter  under  very 
good  conditions,  and  I  saw  what  Mr.  Banyard  has  been  referring 
to — a  white  spot  with  a  dark  marking  as  nearly  as  possible  all 
round  it.  Th^  was  at  one  end  a  long  whitish  streak,  and  at  the 
other  end  a  less  distinct  object,  but  a  little  shadow  on  one  side.  It 
was  so  utterly  unlike  the  white  spot  on  Jupiter  that  for  nearly  20 
minutes,  I  was  not  certain  wheth^  it  was  not  a  satellite  in  transit. 
It  was  simply  a  white  spot,  and  there  was  a  distinct  dark  shadow 
all  round  it  which  threw  it  up  into  relief. 

Mr.  Common.  Is  this  the  large  spot  that  we  hear  so  much  about? 
(pointing  to  Ci^t.  NoUe's  drawing  of  Jupiter  on  the  black-board). 

Capt,  Noble,    Yes,  that  is  the  krge  red  spot. 

Mr,  Common,  Then  that  ought  to  be  much  higher  up.  I  have 
brought  here  a  phot-ograph  of  Jupiter  which  shows  the  true  posi- 
tion of  the  spot.  The  night  before  last  I  saw  the  spot  and  there 
were  a  lot  of  markings  between  the  two  bands,  and  that  white  spot 
had  a  decided  dark  shading  on  one  side.  I  noticed  another  thing, 
that  the  north  band  has  lately  got  very  much  darker  than  it  was  a 
few  months  ago.  I  think  Mr.  Webb  has  alluded  to  that,  and 
it  is  really  worthy  oi  attention. 

Mr,  SadUr,  The  shadows  of  these  white  spots,  which  resemble 
satellites  in  transit,  were,  I  think,  discovered  about  ao  yean  ago. 

Mr,  Stone,  There  were  a  large  niunber  of  drawings  made  by 
Mr.  Carpenter,  with  the  great  equatoreal  at  Greenwich,  when  I 
was  there,  which  showed  those  markings  very  distinctly.  They 
are  apparency  liable  to  very  great  changes. 

Mr,  Dunkin,  In  the  *  Monthly  Notices '  about  20  years  ago  there 
are  some  drawings  by  Mr.  Dawes  and  Mr.  Lass^  which  show 
those  bright  markings  very  distinctly  indeed.  They  are  very  in- 
teresting, showing  nearly  all  the  phenomena  that  we  notice  at 
present. 

Mr.  Christie,  With  regard  to  Mr.  Cwpenter's  drawings,  we 
have  been  lately  considering  whether  we  could  not  photograph 
them.  There  is  an  exceedingly  valuable  series  of  drawings  of  Mars 
made  in  1861,  and  a  series  of  drawings  of  Jupiter.  But  the 
difficulty  is  that  the  drawings  are  coloured,  and  in  the  case  of  Mars 
the  yellow  colour  of  the  disk  interferes  with  the  photogn^hy. 
Gapt.  Abney  has  promised  his  assistance,  and  we  hope  that  we  may 
be  able  to  produce  some  phc^graphs  in  the  course  of  time.    At 
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present  we  have  taken  a  few  photograplts  of  tlie  28  drawings  of 
Mars  made  in  1877,  so  that  thej  migbt  be  available  for  distribution 
to  a  limited  extent.  A  complete  set  has  been  mounted  on  this  card 
which  lies  on  the  table. 

Mr.  Penrose.  Has  any  one  made  spectroscopic  observations  of 
this  spot  on  Japiter  ? 

The  President.  I  have  not  heard  of  or  seen  any  spectroscopic 
observations  hitherto  of  this  red  spot  in  Jupiter.  It  would  be  an 
interesting  observation  if  it  could  be  obtained. 

Mr.  Christie.  It  would  be  a  very  difficult  one.  We  made  many 
attempts  on  Mars  on  the  last  opposition.  A  planet  is  really  a 
very  small  object  on  the  slit  of  a  spectroscope,  and  it  is  difficult  to 
identify  or  distinguish  the  spectrum  of  the  different  parts  of  the 
disk.  Still  it  would  be  an  interesting  inquiry,  and  well  worth 
trying,  I  think. 

Mr.  Banyard.  "We  have  two  or  three  copies  made  by  Mr.  Car- 
penter of  some  of  his  most  interesting  series  of  Jupiter  drawings, 
which  are  in  the  library. 

Captain  Noble.  In  answer  to  the  remarks  which  have  been 
made,  as  to  the  mere  vulgar  abuse  with  which  I  was  first  greeted, 
I  shall  not  condescend  to  notice  it.  Mr.  Brett  is  no  doubt  the  only 
person,  according  to  his  own  account,  who  can  draw  at  all.  I  wife 
not  condescend  to  notice  mere  pot-house  abuse ;  but  with  referenc. 
•to  a  remark  which  has  been  made  about  this  whifce  spot,  my  in 
tention  was  not  to  call  attention  to  the  fact  that  white  spots  had 
been  noticed  on  Jupiter,  for  I  had  seen  Mr.  Lassell's  drawing  and 
Mr.  Dawes's  drawings,  but  to  the  fact  that  there  were  shadows 
on  both  sides  of  this  spot.  I  am  exceeding  anxious  to  hear  an  ex- 
planation of  it.  I  beUeved  originally  that  they  were  shadows; 
but  when  I  see  a  dark  spot  on  the  side  where  the  Sun  is  shining 
my  limited  knowledge  of  optics  prevents  my  seeing  how  a  shadow 
can  be  cast  in  this  manner. 

Mr.  Neison  read  a  paper  on  the  diameter  of  the  Moon,  pointing 
out  that  Prof.  Pritchard  had  assumed  an  erroneous  value  in  the 
comparison  with  his  photographs,  and  that  the  measures  did  not 
really  agree  very  closely  with  the  correct  value.  He  had  obtained 
an  empirical  formula  representing  the  varying  value  of  the  diameter 
at  different  observatories  and  with  instruments  of  different  aper- 
tures. He  also  adverted  to  the  decrease  in  the  errors  of  Hansen's 
Lunar  Tables  since  1877  to  which  Mr.  Lynn  had  called  attention, 
remarking  that  unless  there  were  an  equal  number  of  observations 
before  and  after  fuU  moon  and  in  opposite  parts  of  the  year,  we 
could  not  be  certain  that  the  decrease  was  real. 

Mr.  Christie.  With  r^ard  to  Mr.  Neison's  empirical  correction 
for  the  Moon's  semi-diameter,  I  should  like  to  ask  him  how  he  has 
applied  the  correction  for  personality  in  the  observers,  because 
i£at  seems  to  me  to  be  a  real  difficulty  in  determining  the  diameter. 
Mr.  Lynn  has  been  putting  together  a  number  of  determinations 
of  the  diameter  with  the  altazimuth,  and  the  discordances  between 
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different  observers  are  very  serious,  3"  or  4"  of  arc,  and  quite 
systematic.  In  the  face  of  such  large  discordances,  I  think  it  is 
rather  difficult  to  determine  what  is  the  real  truth  as  regards  the 
diameter. 

With  regard  to  this  very  important  point  of  the  diminution  of 
the  Moon's  error,  I  think,  so  far  as  1  have  examined  the  ob- 
servations, that  it  is  fully  borne  out.  Of  course,  as  Mr.  Nelson 
has  pointed  out,  if  the  observations  were  not  equally  distributed 
throughout  the  year  and  throughout  the  lunation,  we  might  have 
some  discordance  which  would  be  merely  apparent  and  not  real ; 
but,  as  a  matter  of  fact,  the  observations  seem  to  be  very  fairly  dis- 
tributed ;  and  you  have  only  to  glance  through  the  Moon's  errors 
as  shown  in  the  G-reenwich  observations,  and  you  will  see  that  there 
is  a  very  great  diminution  of  error  lately. 

Mr.  Dunkin.  It  is  a  very  remarkable  thing  that  soon  after 
Mr.  Lynn  published  his  paper  in  March,  the  tabular  error  of  the 
Moon  began  to  increase,  and  in  May  and  June  the  maximum 
errors  in  B.A.  were  almost  as  large  as  they  were  three  years  ago. 
In  the  year  1862,  when  Hansen's  tables  first  came  into  use,  the 
tabular  error  in  right  ascension  was  about  —  o'-5,  which  gradually 
increased  until  last  year,  when  it  was  found  that  the  error  began 
to  diminish ;  but  now,  as  I  have  just  said,  within  the  last  few 
months  it  is  beginning  to  increase  again ;  so  that  it  is  a  very  diffi- 
cult matter  to  say  at  present  whether  the  errors  of  Hansen's  tables, 
are  increasing  or  diminishing. 

Mr.  Stone.  As  to  the  dinerence  between  the  photographic  and 
the  '  Nautical  Almanack '  semi-diameters,  I  think  we  may  accept  it 
as  pretty  well  established  that  the  semi-diameter  depends  upon  the 
telescope.  The*  Nautical  Almanack'  senji-diameter,  as  &r  as  I  know, 
has  been  got  to  represent  pretty  fairly  the  Greenwich  observations. 
When  Mr.  Neison  speaks  of  formulsB  to  represent  the  semi- 
diameter  observations  made  at  all  the  observatories,  undoubtedly 
the  object-glass  used  must  be  one  element  in  the  thing,  and,  I 
should  say,  almost  the  principal  one.  With  regard  to  personality, 
that  is  a  very  serious  thing;  but  that  has  been  observed  for  a 
good  many  years.  When  I  was  attempting  to  determine  the 
parallax  of  the  Moon  by  observations  made  at  Greenwich  and  at 
the  Cape  of  Good  Hope,  I  found  that  I  was  getting  into  a  regular 
muddle  with  some  of  the  observations  nuide  by  Sir  Thomas  Maclear, 
in  which  there  was  a  personality  of  a  second  and  a  half  in  observing 
the  semi-diameter.  When  I  took  the  north  limb  and  the  south 
limb,  and  discussed  them  separately,  the  results  came  out  very 
well. 

Mr.  Dwnkin,  About  ten  years  ago  the  Fellows  may  recollect 
that  I  published  a  short  paper  in  the  '  Monthly  Notices,'  in  which 
was  shown  that  a  great  personality  existed  in  observing  the 
first  and  second  limbs  of  the  Moon  by  the  different  observers  at 
Greenwich,  and  this  to  such  an  extent  that  I  was  generally  able 
to  point  out  in  one  instance,  without  reference  to  the  names  of  the 
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obaervers,  by  whom  certain  observations  were  made,  as  tbis 
obeerver's  method  of  observing  the  two  limbs  of  the  moon  differed 
BO  mnch  from  the  other  observers.  With  regard  to  the  semi- 
diameter,  it  is  very  difficult  to  obtain  the  true  value,  as  it  depends 
on  the  telescope  employed  as  well  as  on  personality  in  the 
observer ;  for  instance,  at  Greenwich  two  values  are  used,  one  of 
which  is  applied  to  observations  with  the  transit-circle,  and  the  other 
to  the  altazimuth  observations ;  and  the  proper  thing  to  do  is  to 
deduce  a  separate  semi-diameter  for  every  telescope  that  you  use. 
You  see  how  difficult  a  matter  it  is  to  obtain  a  true  value  of  the 
semi-diameter. 

Mr.  Neison,  The  formula  referred  to  does  take  into  considera- 
tion the  aperture.  It  shows  that  it  would  make  over  half  a  second 
of  arc  difference  for  different  apertures.  As  to  what  Mr.  Dunkin 
has  told  us,  1878  was  a  most  exceptional  year,  so  far  as  the 
weather  goes ;  and  most  likely  a  sufficient  number  of  observations 
were  not  obtained  in  the  autumn  to  counterbalance  the  spring 
observations. 

Mr.  Christie.  I  wish  to  mention  that  Mr.  Maunder  succeeded 
on  Nov.  12  at  Q-reenwich,  with  our  i2|-inch  refractor,  in  getting 
some  observations  of  Deimos,  the  outer  satellite  of  Mars.  That 
shows  that  the  satellite  is  not  such  a  very  difficult  object  as  might 
be  supposed.  The  observations  were  made  with  the  position-mi- 
crometer with  illuminated  wires,  without  any  great  difficulty,  near 
the  time  of  elongation. 

The  President.  I  saw  the  satellite,  but  was  not  able  to  measure 
it,  three  or  four  nights  ago.  The  first  night  we  looked  for  it  for 
some  time,  but  it  was  so  thoroughly  cloudy  that  we  could  not  get 
good  observations.  The  only  published  observations  that  I  have 
seen  anywhere  are  those  of  Mr.  Common. 

Mr.  Common.  Deimos  was  observed  from  Sept.  2 1  to  last  night, 
but  Phobos  only  from  Nov.  2  to  last  night,  four  or  five  nights, 
and  perhaps  twenty  01:  thirty  measures.  Any  person  who  can 
see  Enceladus  at  elongation  should  with  care  see  both  the  satellites 
of  Mars  if  the  precaution  be  taken  to  hide  the  planet.  I  have  been 
surprised  at  the  brightness  of  Deimos  at  elongation.  It  is  quite 
as  bright  as  Enceladus ;  but  it  is  utterly  useless  to  attempt  observ- 
ing or  measuring  unless  you  have  the  planet  hidden,  except  perhaps 
in  the  case  of  Phobos.  One  night  I  saw  Phobos  although  it  was  not 
a  diameter  away — ^I  saw  it  distinctly  in  the  glare  of  the  planet. 

Mr,  Christie.  Mr.  Maunder's  measures  were  made  by  viewing 
Mars  through  a,  dark  glass  placed  in  front  of  the  field-lens  and 
covering  part  of  the  field,  which  diminished  the  glare  of  the  planet. 
By  that  means  it  was  perfectly  practicable  to  see  Mars  at  the  same 
time  as  the  satellite,  so  as  to  measure  its  position  more  accurately. 

The  President.  It  may  be  within  the  recollection  of  some  of  the 
Fellows  that  at  the  May  meeting  one  gentleman  asked  about  some 
means  of  disseminating  information  amongst  astronomers  in 
England  as  to  comets  and  new  stars.  I  promised  at  that  time 
that  I  would  consider  the  matter,  and  I  have  1  bought  of  a  way  of 
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doing  it.  I  have  prepared  a  drcular,  which  has  been  addressed  to 
about  three  hundred  observatories,  asking  that  the  discovery  of  a 
comet,  new  star,  or  other  object  of  immediate  interest  may  be 
telegraphed  to  me  at  Dun-Echt  Obserratory,  Aberdeen,  on  the 
understanding  that  I  will  distribute  it  by  circular  within,  twenty- 
four  hours  to  all  who  would  be  likely  to  make  useful  observations. 

Mr.  Chambers.  May  I  ask,  as  a  matter  of  interest  to  a  large 
number  of  Fellows,  what  probability  there  is  of  an  early  dUsemi- 
nation  of  the  forty-first  volume  of  the  *  Memoirs,'  the  EclipseVolume? 
The  time  is  running  on,  and  I  think  the  Fellows  would  be  anxious 
to  know  something  about  it. 

The  President.  I  think  probably  you  were  not  in  the  room  when 
I  said  just  now  that  the  last  words  in  the  preface  and  ^titdepage 
went  to  press  about  three  days  ago,  and  I  hope  the  volume  will  be 
distributed  as  soon  as  possible. 

The  following  were  duly  elected  Fellows : — 

Bev.  J.  L.  Challis,  M.  A. ;  W.  C.  Armstrong ;  Prof.  J.  J.  Astrand ; 
T.  W.  Bithrey ;  Gt.  K.  Darwin,  M.A. ;  H.  T.  Vivian ;  K.  E.  Webb, 
M.A. 

The  following  papers  were  announced : — 

A.  Marih.    Ephemeris  for  Physical  Observations  of  Mars,  1879. 
Major  J.  Herschel.    Note  on  the  difference  of  variation  of  gravity 

at  Bevel  and  St.  Petersburg,  and  on  Grischow's  pendulum-obser- 
vations at  other  stations. 

Prof.  W.  Harhness.     On  the  Physical  Conjfiguration  of  Mars. 

W.  T.  Lynn.  On  the  change  in  the  mean  error  of  Longitude  of 
Hansen's  Lunar  Tables  since  1876. 

ABtronomer  Boyal.  Mean  areas  of  umbre,  whole  spots,  and 
faculsB  upon  the  Sun's  disk,  as  measured  on  photographs  taken  at 
the  Boyal  Observatory,  Q-reenwich,  for  each  rotation  of  the  Sun 
from  1873,  July  11. 

Prof.  Tacchini.  Observations  of  Comets  Palisa  and  Hartwig 
made  with  the  Merz  equatoreal  of  the  GoUegio  Bomano. 

JS.  L.  J.  ElUry.  Conjunction  of  Mars  and  Saturn,  observed  at 
the  Observatory,  Melbourne. 

B.  Wilding.  Comparison  of  Hansen's  coefficients  of  the  Moon's 
latitude  with  those  of  Plana,  Damoiseau,  &c. 

B.  F.  Ward.    A  new  system  of  Micrometry. 

Maxwdl  Hall.    The  Zodiacal  Light. 

A.  Bowden.    Description  of  a  self -registering  Micrometer. 

Lord  Lindsay.  Observations  of  Comet  1879  c2  (Falisa)  made  at 
Dun-Echt  Observatory. 

Lord  Lindsay.  Observations  of  the  spectrum  of  Comet  1879  c^ 
(Palisa). 

O.  Calver.  On  the  working  of  the  speculum  for  the  3  7 -inch 
Beflector. 

Prof.  A.  Winnecke.  Observations  of  the  Solar  Eclipse,  1879, 
July  18,  made  at  the  University  Observatory,  Strassburg. 

The  Meeting  adjourned  at  ten  o'clock. 
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Note  on  Hyperion. 

The  following  considerations  have  been  suggested  to  me  bj  a  letter 
from  Prof.  Asapb  Hall,  relative  to  Hyperion,  published  in  the  last 
No.  of  the  '  Monthly  Notices,'  Vol.  xzxix.  No.  9. 

The  orbits  of  Hyperion  and  Titan  are  nearly  in  the  same  plane ; 
and,  representing  by  a,  «,  a',  e'  the  semi-major  axes  and  eccentri- 
cities, we  have 

a=2i4'',  e=o*ii5  (Bond);  a'=i76"'5,  «'s=o'029  (Bessel). 

If  we  neglect  e',  which  we  may  do  in  a  preliminary  general 
examination,  we  see  that  the  least  distance  between  the  two  satel- 
lites will  be 

5  =  a(i-e;-a'=i3". 

Let  M  be  the  mass  of  Saturn,  m  that  of  Titan ;  then,  when  the 
two  satellites  are  closest,  the  n^o  of  the  perturbing  force  acting 
on  Hyperion  to  the  mean  attraction  of  Saturn  will  be 

m       M       tw      a*  _  m 

In  a  work  published  in  the  *  Memoires  de  TAcad^mie  de  Tou- 
louse '  (7"*  s^rie,  tome  ix.),  of  which  a  part  has  been  since  repro- 
duced in  the  ^  Comptes  Bendus,'  I  have  shown  that 

m         I 


M     1 1 000' 

a  conclusion  which  I  have  arrived  at  by  a  study  of  the  movements 

of  lapetus.    H  we  supposed  =rf  = ,  we  should  arrive  at  this 

^  ^-         M     1 1000 

result — that  in  the  movement  of  Hyperion  the  perturbing  foice 
may  amount  to  about  one-fortieth  part  of  the  force  producing 
elliptic  motion.  It  will  be  conceivea  that  very  considerable  per- 
turbations must  result  from  this  for  Hyperion. 

Another  circumstance  must  contribute  to  augment  these  pertur- 
bations. Let  T  and  T'  be  the  sidereal  periods  of  Hyperion  and 
Titan;  then  we  have,  according  to  Bessel,  T'  =  i5**'945,  and  ac- 
cording to  Bond,  T=s2i*-i8  ;  from  which  we  find 

4T'-3T=H-o**-24. 

Lassell  gives  T=2i''*284,  which  leads  to 

4T'-3T=-o*-o72. 

We  see  that,  in  the  two  cases,  the  difference  4T'— 3T  is  a  small 
fraction  of  T  or  T',  and  there  will  thence  result  inequaJities  of  long 
period  of  the  form 

Acos(3r— 4Z+a). 

vol.  m.  s  . 
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These  inequalities  will  be  of  the  first  order  relatively  to  the 
eccentricities ;  they  will  therefore  be  considerable.  We  may  thus 
account  for  the  enormous  variations  which  Frof.  Asaph  Hall  has 
pointed  out  in  the  position  of  the  major  axis  of  Hyperion,  and 

may  from  them  deduce  an  exact  yalue  of  the  ratio  =^ ;  but  the  mean 

motion  of  Hyperion  is  still  too  imperfectly  known  to  allow  of  the 
problem  being  solved  at  the  present  time. 

I  wUl  remark,  in  conclusion,  that  whilst  the  first  five  satellites  of 
Saturn  appear  to  move  almost  exactly  in  the  plane  of  the  ring, 
lapetus  diverges  considerably  from  it.  This  tendency  begins  to 
show  itself  in  the  case  of  Hyperion,  whose  orbit  makes  an  angle  of 
about  i^  with  the  plane  of  the  ring.  As  we  know,  Laplace  has 
made  known  the  reason  of  this  divergence  in  the  case  of  lapetus. 

Paris,  1879,  Nov.  17.  F.  TlSSEEAlO). 


TTie  great  Patch  on  Jupiter. 

WBITBR8  on  astronomy  are  usually  rather  wild  in  their  descrip- 
tions of  phenomena,  and  their  illustrations  are  often  ridiculous. 

There  is  at  present  a  very  extraordinary  phenomenon  in  the 
solar  system,  more  extraordinary,  to  my  judgment,  than  any  thing 
I  have  ever  had  the  good  fortune  to  see  during  about  30  years  ot 
telescopic  practice ;  and  it  is  thus  described  by  writers  in  two  scien- 
tific periodicals  supposed  to  be  serious : — 

One  of  them  says  it  is  "a  beautiful  feature  like  a  flame."  This 
occurs  in  the  second  line  of  his  description.  He  cannot  get  even 
through  two  lines  without  forsaking  the  facts  and  telling  you  the 
thing  is  like  something  else,  whi(£,  I  need  hardly  say,  it  is  not. 
You,  however,  not  having  seen  it  go  away  with  a  definite  and  totally 
misleading  image  in  your  mind,  and  expect  at  all  events  to  see  a 
bright  and  coruscating  appearance.  Most  observers  have  seen  it 
by  this  time ;  but  for  the  benefit  of  those  who  have  not  I  may  as 
well  say  at  once  that  the  most  astonishing  characteristic  of  this 
**  beautiful  feature  like  a  flame"  is  its  dense  darkness. 

What  does  the  other  writer  say  ?  He  sets  out  by  calling  it  in  his 
first  line  a  ''beautiful  cloud."  If  he  had  said  a  "beautiful  coal- 
scuttle "  it  would  have  conveyed  about  as  exact  an  idea. 

The  word  cloud  conveys,  t-o  most  minds,  the  image  of  something 
vaporous,  transient,  and  indefinite.  Surely  the  study  of  astronomy 
must  have  a  fatal  tendency  to  make  men  vague !  iJlow  me  to  say 
tliat  if  you  cut  a  bit  of  maroon  velvet  into  an  elliptical  shape,  about 
an  inch  long,  and  stick  it  on  to  an  orange  you  will  see  something 

Suite  as  like  a  cloud  as  the  phenomenon  in  question,  and  a  good 
eal  more  like  the  thing  itself  :  but  I  should  not  set  out  to  say  it 
was  nice  even  that.  I  would  tell  you  what  peculiarities  it  actually 
exhibited,  and  you  ought  thereby  to  be  able  to  produce  a  pretty 
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correct  drawing  of  it  for  yourself.  The  first  notice  of  it  in  my 
obserratery  book  reads  thus — "  Deep  red  patch  better  defined  than 
the  belts  and  of  uniform  intensity"  (then  occurs  the  word  ^'pe- 
numbra "  crossed  out),  and  '<  bright  border  suspected  all  round 
patch  equal  in  width  to  its  minor  axis."  Observatory  notes  are 
not  meant  for  casual  readers  ;  therefore  at  the  present  time,  haying 
carefully  observed  its  passage  across  the  disk  on  two  favourable 
nights,  I  will  describe  it  more  fully.  The  last  observation  referred 
to  was  on  the  13th  of  November ;  and  I  may  as  well  quote  the  first 
Ime  or  two  from  the  observatory  book  (whidi  does  not  mention 
either  flame  or  cloud) : — ^*'  Spot  same  intensity  as  darkest  part  of  N. 
equatoreal  belt,  but  being  better  defined  and  of  uniform  density 
and  of  a  full  blood-red  it  looks  incomparably  more  conspicuous 
than  it  f  and  after  some  more  particulars  the  entry  concludes  thus, 
"  The  sharpness  of  the  edge  of  the  spot  is  nearly  equal  to  that  of 
the  limb."  Now  I  will  attempt  to  set  in  order  the  notes  made» 
assuming  that  the  reader  has  not  seen  the  object,  and  affirming  that 
it  is  totelly  unlike  any  thing  he  might  expect  to  see,  provided  he  is 
well  acquainted  with  the  usual  habits  and  behaviour  of  Jupiter's  disk 
and  with  most  of  the  historical  writings  on  the  subject,  it  is  waste 
of  time,  in  most  cases,  to  speak  of  planetary  markings  at  all,  since 
they  are  objects  of  supreme  delicacy  and  subtlety  and  demand  a 
correspondingly  cultivated  eye  and  great  telescopic  experience,  not  to 
mention  that  only  instruments  of  the  finest  quality  are  of  any  use  for 
their  investigation.  It  is  hardly  necessary  now  to  say  that  this  is  an 
elliptical  patch  lying  on  the  surface  of  the  south  temperate  zone  of 
the  planet,  which  is  a  bright  zone  occupying  at  present  about  20^  of 
latitude.  I  say  deliberately  lying  on  the  surface,  since  it  presents 
none  of  those  appearances  characteristic  of  the  belts,  whicn  in  by- 
gone days  I  have  endeavoured  to  prove  are  not  on  the  surface,  but 
intermingled  in  the  viscous  semi-transparent  substance  of  the 
planet ;  neither  does  it  show  any  shade  or  shadow. 

The  uniform  density  tiiroughout  the  extent  of  the  patch  and  the 
uniform  definiteness  of  its  boundary  are  its  salient  characteristics^ 
and  strike  one  at  first  sight  with  amazement. 

The  northerly  equatoreal  belt  is  at  present  tinged  with  deep  red.  I 
do  not  call  it  a  red  belt ;  but  there  is  a  tinge  of  deep  red  mingled  with 
its  usual  dusky  colour  and  gravitating  towards  it  northern  border. 
The  colour  of  the  patch  is  of  the  same  deep  dusky  red  as  that. 
Blood-colour  of  course  is  not  constant ;  and  to  call  it  blood-colour 
without  qualification  would  be  exaggeration ;  but  a  drop  of  blood 
thickened  by  standing  matches  it  pretty  well.  I  speak  of  it  as  seen 
in  a  silvered  glass  reflector.  In  a  refractor  I  cannot  say  what 
colour  it  might  not  show ;  but  I  should  be  surprised  to  see  it  of  a 
rose-colour,  as  it  is  often  said  to  be.  Surely  it  is  not  more  like  a  rose 
than  a  geranium  or  a  magpie  I  At  first  sight  one  is  vividly  im- 
pressed with  the  bright  nimbus  surrounding  it ;  but  after  careful 
examination  I  concluded  that  its  objective  existence  is  open  to 
question,  since  contrast  so  violent  would  give  rise  to  such  an  im- 
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pression.  It  is  to  be  observed  that  the  patch  is  a  very  long  and 
narrow  ellipse  lying  midway  betwixt  two  dark  zmes,  the  bright 
interval  on  either  side  being  equal  to  its  minor  axis,  so  that 
some  time  (say  half  an  hour  or  so)  after  its  internal  contact 
with  the  limb  it  is  enclosed  on  the  north,  south,  and  east  by  a 
border  of  brightness  equally  wide;  and  the  critical  question  is, 
whether  or  not  the  observer's  imagination  does  not  complete  the 
indosure  on  the  western  end.  This  is  a  more  delicate  matter 
for  observation  than  the  unpractised  reader  would  suppose.  I 
have  not  been  able  to  detect  any  boundary  to  the  nimbus  at  the 
end  towards  the  centre  of  the  disk ;  and  when  the  centre  of  the 
patch  is  on  the  meridian  the  question  cannot  fairly  be  answered  at  all, 
since  the  normal  deterioration  of  brightness  towards  the  limb  is  of 
itself  sufficient  to  suggest  the  closing  up  of  the  ends  of  the  nimbus. 
The  question  is  rendered  still  more  difficult  by  the  fact  that  the 
nimbus  intrudes  slightly  upon  the  straightness  of  the  dusky  belts 
between  which  it  lies :  at  least  such  is  my  opinion.  I  admit  that 
the  nimbus  is  remarkably  clear  and  uniform  in  brightness ;  but  I 
am  not  satisfied  that  its  brightness  surpasses  the  normal  vividness 
of  the  bright  zone.  My  assistant,  whose  sight  is  keener  though  less 
practised  than  my  own,  insists  on  its  objectivity. 

There  is  one  other  fact  worthy  of  notice,  viz.  that  the  intensity 
of  the  patch  does,  like  the  belts,  suffer  some  deterioration  in  the 
course  of  its  approach  to  the  limb,  but  not,  I  think,  to  so  great  a 
degree  as  in  their  case,  and  there  is  no  doubt  that  it  can  be  seen 
well  up  to  the  limb. 

To  the  best  of  my  judgment,  the  major  axis  of  the  patch  covers 
32°  of  Jovian  longitude,  or  about  24768  miles,  and  its  ends  are  so 
well  defined  and  it«  shape  so  constant  that  it  offers  the  greatest 
temptation  for  the  use  of  the  micrometer  to  determine  the  rotation 
by  the  transits  of  the  ends,  checked,  of  course,  by  frequent  measure- 
ments of  the  major  axis.  The  double-image  micrometer  is  an  instru- 
ment admirably  adapted  to  get  the  bisection  of  the  disk  by  an  end 
of  the  patch,  and  I  have  no  doubt  that  this  has  been  frequently  and 
satisfactorily  done  before  now.  It  is  not  my  business  in  any  case; 
but  I  know  how  much  the  accuracy  of  micrometrical  measurement 
suffers  under  the  high  powers  required  by  such  an  object,  and  an 
estimated  bisection  by  a  cultivated  eye  under  a  high  power  seems 
to  me  more  reliable  tiian  a  micrometrical  one  under  a  low  power. 

I  have  not  had  time  to  look  up  Cassini's  account  of  his  famous 
spot  of  1665  ;  but  that  appeared  on  "the  upper  edge  of  the  southern 
belt "  and  lasted  for  two  years.  It  will  be  very  interesting  if  any 
other  correspondences  should  be  shown.  John  Bsett. 

Keswick  Boad,  Putney. 

White  Spots  on  Jupiter, 

Obsebvees  have  been  so  much  occupied  in  watching  the  behaviour 
of  the  wonderful  red  spot  on  Jupiter,  which  has  been  interesting 
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ns  80  mach  this  autumn,  that  the  ordinary  white  oval  clouds  on 
the  equator  seem  to  have  been  overlooked. 

To  me,  however,  they  have  proved  of  great  interest ;  and  not 
having  seen  the  least  notice  of  the  phenomenon  I  am  about  to 
mention,  1  thought  it  might  be  worth  while  to  write  a  few  lines 
upon  the  subject. 

On  Aug.  29  I  drew  tiie  planet ;  the  red  spot  was  just  going 
round  at  11.45,  ^^^  immediately  following  it  was  a  distinct  white 
oval  on  the  equator,  the  /  end  of  the  former  being  just  S.  of  the 
p  end  of  the  latter. 

On  Sept.  5  this  white  spot  had  advanced  so  that  the  centre  of 
it  was  just  under  the  p  end  of  the  red ;  whilst  on  the  7th  it  alto- 
gether preceded  it*  by  a  slight  interval. 

Again  on  Oct.  9  I  drew  the  planet,  and  found  a  white  oval 
coming  round  again ;  but  whether  the  same  one  as  that  seen  in 
September,  I  am  unable  to  say,  not  having  drawn  the  planet  much, 
and,  to  increase  the  difficulty,  by  the  time  it  was  passing  the  red  one 
(which  took  place  about  Oct.  20)  another  one  appeared,  or,  rather, 
a  group  of  three.  The  first  was  distinct ;  the  second  a  small  one 
and  duU;  the  third  tolerably  plain  and  of  the  same  size  as  the 
first. 

I  now  began  to  make  more  careful  observations,  feeling  sure 
that  the  white  spots  really  had  a  motion  independent  of  the  red 
one. 
Oct.  24,  7.15.  The  first  white  spot,  A,  slightly  following  the /end 

of  the  red. 
Nov.    2,  8.50.  A  exactly  preceded  the  red,  its  /  end  equal  to  the 

p  end  of  the  latter. 
Nov.    5,  5.15.  A  and  B  (the  small  one)  had  passed,  and  C  was 

immediately  N.  of  the  red. 
Nov.    7,  6.20.  C  half  its  length,  preceding  the  p  end  of  the  red. 
Nov.    9,  8.30.  C  immediately  preceding. 

Nov.  II,  9.30  (?).  C  has  gained  half  its  length,  and  A  was  at  the 
preceding  side  of  Jupiter's  disk  when  the  red 
spot  was  at  the  other. 

From  these  notes  it  would  certainly  appear  that  the  white  spots 
on  the  equator  had  an  independent  rotation  relatively  to  the  red, 
in  about  40  days,  whether  the  interval  be  taken  from  the  obser- 
vations here  given,  or  from  the  fact  that  on  July  28  a  distinct 
white  spot  was  in  the  same  position  with  regard  to  the  red  as  was 
observed  on  Sept.  7. 

Having  only  a  4^-inch  reflector,  and  no  means  of  measuring 
except  by  eye  estimates,  I  will  not  go  further  into  this  question, 
hoping  that  some  other  observers  wiU  be  able  to  show  it  better 
from  a  more  perfect  series  of  sketches,  or  from  measurements ;  for 
there  are  doubtless  an  immense  number  of  drawings  of  the  planet 
available,  from  the  impetus  which  this  red  spot  must  have  given  to 
observers  of  planetary  phenomena.  H.  Cobdeb. 

Writtie,  1879,  Nov.  14. 
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The  Brightness  and  Distribution  of  the 
Fixed  Stars*.— PEjft  11. 

Thebb  are,  it  will  thus  be  seen,  three  ways  of  stating  the  rank  of 
the  stars :  by  magnitudes  or  other  devices  to  express  differences  of 
visual  sensibility,  by  Quantities  of  Hght,  and  by  positions  on  a  list 
arranged  in  order  of  decreasing  lustre.  These  three  are  reduced 
to  one,  through  Fechner^s  law  connecting  the  first  two,  and  the 
hypothesis  of  equable  distribution  connecting  the  second  and 
tfiird. 

But  before  accepting  this  hypothesis  of  equable  distribution  as 
part  of  our  knowledge,  we  must  see  how  well  it  agrees  with  the 
facts.  Observation  must  determine  if  the  "  ratio,  of  light "  and  the 
'^ ratio  of  number"  have  actually  the  mathematical  relation  given 
above.  On  the  scale  adopted  by  Mr.  Peirce,  as  we  have  seen,  the  dis- 
tance of  a  star  should  be  two  thirds  that  of  one  one  magnitude 
fainter,  and  its  light,  by  the  law  of  the  inverse  square,  2^  times  as 
great.  But  the  actual  ratio  of  light  between  successive  magnitudes 
IS  found  by  photometric  measurement  to  be  not  far  from  2^ — 
different  observers  varying  from  2*3  to  2*8,  but  all  giving  values 
greater  than  the  theory.  By  the  ftict,  however,  that  the  ratio  thus 
found  is  constant  or  very  nearly  so  for  all  gr»ies  of  brightness,  we 
are  yet  justified,  notwithstanding  the  objection  from  its  too  high 
value,  in  determining;  magnitudes  by  counting,  and  so  clearing  in- 
dividual estimates  of  much  of  their  uncertainty  and  irregularity. 

The  conclusion  seems  imavoidable  that  a  uniform  distnbution  of 
stars  does  not  hold  even  in  the  region  of  space  immediately  about 
our  solar  system.  Since  the  ratio  of  number  is  smaller  than  it 
should  be  to  correspond  to  that  of  light,  the  density  in  which  the 
stars  are  aggregated — if  the  expression  be  permitted — must  diminish 
as  the  distance  increases.  Our  sun  is  therefore  in  a  part  of  space 
more  closely  filled  than  are  neighbouring  parts.  This  is  perhaps 
the  most  interesting  result  to  which  the  study  of  photometry  leads 
us,  because  it  seems  so  strange  at  first  sights—and  even  more 
strange  when  we  remember  that  the  nearest  of  the  other  suns  is 
distant  from  us  more  than  three  years'  journey  of  light.  Truly, 
astronomy  is  without  a  rival  in  its  special  mission,  to  contradict  on 
every  point  the  evidence  of  superficial  observation.  "We  would 
most  naturally  suppose  our  universe  to  be  as  we  are  told  it  appeared 
to  a  distinguished  visitor,  when  at  once 

"The  golden  sun,  in  splendour  likest  heayen, 
Allured  his  eye ;  .  .  . 

....  where  the  great  luminary, 
Aloof  the  Tulgar  constellations  thick, 
That  from  bis  lordly  eye  keep  distance  due, 
Dispenses  light  from  far.** 

But  this  appearance  of  standing  aloof  is  wholly  misleading,  and 
moreover,  as  our  sun  would  rtuik  by  no  means  first  among  the 
fixed  stars  if  placed  at  the  distance  of  the  nearest  of  them,  and 
*  From  the '  Popular  Science  Monthly '  (Kew  York),  1879,  August 
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would  sink  below  the  third  magnitude  if  removed  as  far  as  Sirins, 
its  real  insignificance  in  the  stellar  firmament  is  almost  as  striking 
as  its  supremacy  in  its  own  planetary  system.  The  reflection  is  an 
interesting  one,  how  lamentably  the  grandest  of  poems  must  have 
suffered  had  its  author  been  compelled  to  regard  the  true  propor- 
tions of  the  sidereal  universe ;  but  for  the  lover  of  nature,  it  may 
be  hoped,  the  glory  of  the  Almighty  handiwork  will  not  be  lessened 
through  the  disappearance  from  fancy  of  the  universal  sovereignty 
of  the  sun  along  the  track  made  for  it  centuries  ago  bv  the  vanished 
delusion  that  our  earth  was  the  unmoved  centre  of  all  things. 

It  is  very  certain  that  an  equable  distribution  could  not  hold 
tliroughout  all  space  (for  an  infinite  number  of  stars  impartially 
scattered  would,  however  vast  the  distances  among  them,  give  us 
a  heaven  shining  like  the  sun  in  every  part,  with  heat  to  corre- 
spond) unless,  owing  to  the  presence  of  innumerable  dark  bodies,  or 
to  a  discontinuity  in  the  lumimf erous  ether  itself,  as  some  physicists 
have  suggested,  Hght  from  remote  distances  is  wholly  or  partly  cut 
off  before  reaching  us.  But  to  this  view,  though  it  would  agree 
with  all  the  facts,  that  of  a  limitation  of  our  firmament  of  stars,  in 
extent  and  number,  is  generally  preferred.  That  such  a  limi- 
tation exists  we  have  other  reasons  for  believing :  prominent 
among  these  is  the  system  of  distribution  which  a  census  of  the 
heavens  brings  to  light.  We  could  not  expect  an  infinite  universe 
of  stars  to  show  everywhere  such  a  uniformity  of  plan. 

How  the  fixed  stars  are  actuaUy  distributed  through  space,  an 
inquiry  into  which  we  are  led  by  study  of  their  number  and  bright- 
ness, it  has  been  but  recently  found  worth  while  to  consider.  So 
long  as  they  were  believed  to  be  simply  lights  set  in  a  hollow  re- 
volving structure  i^at  divided  the  waters  beneath  from  the  waters 
above ;  so  long  as  the  idea  of  the  *'  firmament "  retained  the  asso- 
ciation with  solidity  that  now  only  remains  in  the  word ;  so  long 
as  the  "spangled  heavens,  a  shining  frame''  was  a  reality  of  opinion 
and  not  an  unmeaning  archaism  of  poetry — ^this  question  was 
never  heard.  No  significance  could  attach  to  it,  and  it  excited  no 
curiosity.  But  when  this  solid  celestial  framework  was  broken 
up  by  the  discovery  of  the  earth's  rotation,  and  its  lights  scattered 
anur  on  the  deep  ocean  of  unbounded  space,  when  contemplation 
of  the  beautiful  adjustments  and  proportions  of  our  solar  system 
had  suggested  the  hope  of  discoverm^  the  same  harmonies  through- 
out the  universe,  it  began  to  be  asked  if  some  of  these  far-<iistant 
orbs,  or  perhaps  the  mighty  whole,  our  sun  and  its  attendant 
planets  included,  were  not  connected  in  a  system  of  similar  cha- 
racter. Kant  was  one  of  the  first  to  advance  this  idea.  The  elder 
Herschel,  contenting  himself  with  a  working  hypothesis  to  give 
form  to  his  observations,  supposed  our  firmament  to  be  a  mighty 
cluster  of  stars  equally  distributed  within  finite  limits,  so  that  the 
number  visible  in  the  field  of  his  great  reflector  at  any  pointing 
would  show  the  extent  of  occupied  space  in  that  direction ;  and  he 
undertook  to  gauge  the  depths  and  discover  the  shape  of  this  cluster 
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by  counting  telescopic  fields  in  different  parts  of  ihe  sky.  The  elder 
Struve  considered  the  density  of  the  stars  as  varying  with  the  dis- 
tance from  the  Milky  Way,  as  does  that  of  the  atmosphere  with 
its  distance  from  the  earth  s  surface;  being  equal  in  parallel  planes*. 
Argelander,  of  Bonn,  relieved  his  laborious  task  of  cataloguing 
over  300,000  northern  stars,  by  investigation  into  the  subject ; 
Mr.  Proctor  has  devoted  to  it  numerous  memoirs  and  popular  lec- 
tures, and  speaks  of  it  as  his  chief  incentive  to  the  labour  of  con- 
structing his  set  of  twelve  star  maps ;  Mr.  Peirce  gives  it  consider- 
able space  in  his  '  Photx>metric  Besearches.'  From  these  sources 
we  have  a  few  conjectures  and  a  few  facts. 

The  richest  parts  of  the  sky,  in  bright  and  faint  stars  alike,  are 
almost  all  about  the  Milky  Way.  This  stream  of  sufiEused  light 
follows,  with  some  irregularities,  the  course  of  a  great  circle ;  and 
toward  the  plane  of  this  circle,  passing  not  very  &r,  perhaps,  from 
the  sun,  stars  at  all  distances  appear  to  become  more  densely  packed. 
The  Milky  Way  itself  is  evidence  of  this  for  the  faintest  magni- 
tudes ;  and  HerscheFs  star-gauges,  from  which  he  inferred  for  our 
cluster  the  shape  of  a  disk  or  lens,  give  the  comparison  in  a  nume- 
rical form.  A^elander's  gauges  show  the  same  concentration  in 
telescopic  stars  brighter  than  the  tenth  magnitude,  and  it  is  even 
more  plainly  to  be  made  out  from  Mr.  Proctor's  chart  of  his  great 
catalogue.  If  parallel  to  the  great  circle  of  the  Milky  Way  two 
small  circles  be  passed,  each  at  a  distance  from  it  of  30^,  having 
between  them  a  broad  belt  about  the  celestial  sphere  somewhat 
like  the  torrid  zone  on  the  earth's  surface,  we  shall  leave  two 
spherical  caps  whose  united  area  will  exactly  equal  that  of  the 
belt — ^just  one  hemisphere.  From  Argelander^s  gauges  it  may  be 
calculated  that  the  number  of  stars  inside  these  30°  circles  is  to 
that  outside  nearly  as  2j|  to  i,  for  stars  of  the  ninth  magnitude, 
and  about  as  2  to  i  for  the  eighth,  diminishing  with  brighter  stars. 
This  condensation  increases  without  interruption  to  the  Milky 
Way  itself.  The  law  holds  also  with  stars  visible  to  the  naked  eye, 
though  not  so  conspicuously ;  for  these,  Mr.  Peirce  found  the  same 
ratio  to  be  only  as  4  to  3.  He  was  also  surprised  to  see  that  the 
stars  were  very  little  more  numerous  in  the  track  of  the  Milky 
Way  than  at  a  distance  of  20^  from  it,  the  decrease  in  density  ap- 
pearing almost  sudd^y  about  30°.  But  as  we  approach  the  sun, 
the  rate  of  condensation  becomes  greater  again.  Of  the  twenty 
stars  classed  as  first  magnitude  by  the  best  observers,  fifteen  are 
within  the  30°  circles ;  and  of  the  five  outside,  but  two,  Arcturus 
and  one  far  southern  star,  are  equal  in  brightness  to  the  average 
of  the  twenty.  We  have  no  right,  however,  unless  we  are  dealing 
generally  with  a  very  great  number  of  stars,  to  take  light  as  a 
reliable  indication  of  distance.  Of  our  twelve  nearest  neighbours 
yet  recognized,  being  all  that  have  a  parallax  greater  than  one  sixth 
of  a  second,  and  distant  from  us  less  than  twenty  years'  journey  of 

*  Professor  Newoomb's  aoooimt  of  these  reeearohes  and  speculations,  in  his 
*  Popular  ABtronomy/  pages  462-476,  is  full  and  interesting. 
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light,  four  are  telescopic  stars,  to  which  attention  was  attracted  by 
their  large  proper  motion.  Ten  stars  oat  of  these  twelve,  it  should 
therefore  be  added,  are  either  in  the  Milky  Way  or  within  15°  of 
it.    The  exceptions  are  two  minute  stars  in  Ursa  Major. 

Will  these  facts  enable  us  to  decide  what  is  the  actual  form  of 
the  immense  cluster  of  stars  in  which  our  sun  holds  so  humble  a 
rank  ?  We  may  conclude  from  them,  with  safety,  that  the  strongly 
marked  and  surprising  concentration  of  brightest  and  nearest  stars 
in  the  galactic  plane  is  irreconcilable  with  a  generally  prevailing 
uniform  distribution,  and  agrees  hardly  better  with  Struve's  theory 
of  condensation  in  parallel  planes.  For  this  theory,  it  will  be  seen, 
requires  a  more  decided  concentration  with  a  greater  distance,  the 
pl^es  of  equal  density  appearing  to  approach  the  galactic  circle 
and  each  other  as  do  the  parallel  lines  of  a  perspective  drawing. 
We  do  see  some  t-endency  of  this  kind  in  telescopic  magnitude,  so 
that  we  might  suppose  that  Struve's  theory  began  to  express  the 
facts  at  the  distance  of  the  i^ntest  visible  stars — ^unless  it  could 
be  shown  that  the  density  of  aggregation  in  the  central  plane  also 
varies  at  different  distances.  Li  Mr.  Peirce's  opinion,  photometric 
observations  have  proved  that  this  density  increases  from  the 
seventh  to  the  ninth  magnitude,  and  that  therefore  the  idea  of  the 
Milky  Way  itself  as  a  vast  ring  of  closest  aggregation,  including  a 
more  sparsely  filled  region,  thus  giving  to  the  whole  cluster,  could 
it  be  seen  laterally  from  a  sufficient  distance,  an  appearance  not 
unlike  that  of  the  annular  nebula  in  Lyra,  is  well  founded.  He 
also  finds  reason  for  supposing  a  similar  but  independent  arrange- 
ment of  the  brightest  stara,  in  the  peculiar  localization  of  the  nearest 
of  them,  and  the  sudden  falling  off  in  density  at  about  30°  from 
the  galactic  circle,  above  remarked— other  systems  of  condensation 
requiring  gradual  changes.  The  true  figure,  if  his  reasoning  is  to 
be  trusted,  would  therSore  be  a  small  ring  of  maximum  density 
near  the  centre  of  a  very  large  one*.  Such  speculations  are,  how- 
ever, it  is  hardly  necessary  to  say,  very  uncertain. 

It  is  not  easy  to  make  out,  from  the  general  distribution  of  the 
stars,  that  our  sun  is  in  one  direction  rather  than  another  from 
the  centre  of  the  sidereal  system ;  and  there  is  even  some  doubt 
about  the  position  which  some  astronomers  give  us,  on  the  northern 
side  of  the  plane  of  the  Milky  Way.  Indeed,  beyond  the  prevail- 
ing condensation  toward  this  plane,  it  seems  that  no  important 
general  law  governing  star  aggregation  has  yet  been  found. 
Mr.  Proctor's  services  in  calling  attention  to  the  grouping  of 
certain  portions  of  the  heavens  in  subordinate  systems  Imving  a 
common  "  star-drift,"  should  not  be  overlooked ;  but  his  discovery 
that  a  large  part  of  the  southern  hemisphere  is  particularly  rich  in 

*  <  Photometrio  Beeearohes/  pages  175-178.  The  sun,  it  would  seem,  is  to 
be  considered  as  in  a  region  of  ezoeptional  rarity  as  compared  with  other  reeions 
throa^  which  the  galactic  plane  passes,  and  at  the  same  time  of  exceptional 
density  when  the  comparison  inclades  stars  remote  from  this  plane. 
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stars*  cannot  be  admitted  for  several  reasons : — 1.  Behrmann's 
catalogue  of  southern  stars,  in  which  magnitudes  were  observed 
with  particular  care,  shows  nothing  of  the  sort ;  2.  Mr.  Proctor's 
own  maps  show  nothing  of  the  sort,  for  stars  brighter  than  the 
sixth  magnitude :  and  it  is  far  less  credible  that  an  anomalous  law 
of  distribution  holds  over  a  wide  area,  affecting  but  this  one  order 
of  brightness,  than  that  those  who  observed  this  part  of  the  heavens 
included  more  and  fainter  stars  in  their  sixth  magnitude  than  did 
northern  observers ;  3.  Mr.  Proctor's  own  maps  show  that  the 
boundary  of  his  "  rich  region  *'  is  the  Tropic  of  Capricorn ;  and  it 
is  far  less  credible  that  an  artificial  circle  should  Hmit  any  law  of 
distribution  than  that  the  whole  difference  is  due  to  the  fact  that 
this  tropic  was  also  the  northern  boundary  of  La  CaiUe's  observa- 
tions, the  source,  in  all  probability,  whence  the  magnitudes  of 
Mr.  Proctor's  stars  were  originally  derived.  Observers,  in  fact, 
are  particularly  likely  to  differ  in  estimating  the  extent  of  the  sixth 
magnitude ;  for  it  seems  to  have  been  agreed  by  general  consent 
that  this  magnitude  shall  include  all  stars  to  be  seen  with  the  un- 
aided eye  on  the  clearest  nights,  and  differences  of  climate  aad  of 
individual  eye-sight  affect  this  considerably.  Argelander,  and  after 
him  Hei9,  catalogued  all  the  stars  visible  to  their  eyes ;  their 
numbers,  for  the  whole  northern  hemisphere,  were  2350  and  3936 
respectively.  Heis  must  therefore  have  seen  stars  at  least  four 
tenths  of  a  magnitude  fainter  than  Argelander's  &intest.  La 
Caille's  eye  must  also  have  been  sharper  than  the  average ;  and, 
if  Mr.  Proctor  had  thought  to  apply  the  test  of  enumeration  to 
the  different  magnitudes  in  different  parts  of  the  sky,  this  expla- 
nation would  doubtless  have  occurred  to  him,  and  nothing  have 
been  heard  of  his  remarkable  "  rich  region,*'  His  observation  is 
valuable,  certainly ;  but  only  by  showing  the  undeveloped  state  of 
the  whole  subject,  and  the  precautions  necessary  before  venturing 
conclusions  on  it. 

The  search  for  a  common  centre,  about  which  the  uncounted 
millions  of  stars  composing  the  galactic  cluster  may  revolve,  has 
tempted  many  investigators,  but  it  cannot  be  said  as  yet  to  have 
proved  altogether  successful.  Madler,  by  calculations  from  the 
proper  motions  of  stars  in  different  parts  of  the  heavens,  sought 
to  locate  it  among  the  Pleiades ;  some  later  astronomers  have  pre- 
ferred the  Sword  of  Perseus ;  Mr.  Maxwell  Hall  has  just  decided, 
and  informed  the  Astronomical  Society  of  England,  that  the  uni- 
verse turns  about  the  South  Elbow  of  Andromeda.  The  proof 
advanced  is  always  incomplete,  resting  on  assumptions  not  gene- 
rally admitted;  and  when  we  remember  that  the  gravitative 
force  exerted  by  the  fixed  stars  on  one  another  is  so  sn^l  that  to 
keep  the  nearest  of  them  from  falling  to  the  sun,  supposing  no 
counterbalancing  attractions,  an  angular  velocity  of  but  one  second 
of  arc  ill  eighty  years  is  needed ;  that  the  proper  motions  to  be 

*  Most  ]>o&itiyely  atated  in  a  lecture  before  theBojal  Institution,  Maj,  1870, 
also  in  the  introduction  to  his  '  Star  Atlas.' 
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explained  are  often  far  larger  than  this  ;  that  the  distance  of  the 
attracting  centre  must  be  many  times  that  of  the  nearest  fixed 
star ;  and  that  the  heavens  give  no  sign  of  any  pre-eminent  body 
or  group  of  bodies  to  which  we  may  ascribe  the  enormons  attractive 
power  necessary  to  control  these  motions — ^the  scepticism  of  many 
astronomers  as  to  the  universal  centre  seems  excusable. 

It  must  be  admitted,  then,  that  but  little  of  the  true  character 
of  our  sidereal  system  is  known  to  us,  and  that  all  speculation 
upon  it  rests  as  yet  on  a  very  insecure  foundation.  But,  as  the 
sudden  development  of  spectrum  analysis  has  shown,  matters  of 
pure  conjecture  to-day  may  become  entirely  settled  to-morrow ; 
and  it  may  reasonably  be  hoped  that  the  secrets  of  this  domain,  if 
due  interest  be  taken  in  them,  will  not  much  longer  elude  the  search 
of  scientific  explorers.  H£ni&y  FABQTJHiJt. 


D(mble  Stars  for  December. 

Ik  addition  to  the  pairs  already  given  (see  *  Observatory,'  Vol.  ii. 
pp.  239,  269,  and  Vol.  iii.  p.  200)  the  few  which  follow  claim 
occasional  measurement. 

S  249.        E.A.  2^  i2"7,  Dec.  +44°  3'.    Mag.  7,  9. 

1873-9  190°  ±  2"-o±  Gl. 

Probably  binary. 

S  254.        E.A.  2*»  i4"-8,  Dec.  -1-23*='  5'.     Mag.  8-5,  10. 
1874-0  343°-8  i2"-9  W. 

2  278.        EA.  2^  28»-3,  Dec.  +68°  47'.    Mag.  8-4,  87. 

1872-3  73°-8  o"-64  OX 

Probably  binary. 

S288.        E.A.  2'»32»-3,  Dec.  —  ii°54'.    Mag.  8,  11. 

1867-2  2i3°-7  ii"-67  De. 

Probably  binary. 

OS  43.        B-A.  2'*  33"-6,  Dec.  +26°  7'.    Mag.  7-2,  8-8. 
1871-7  66°-2  o"-7o  De. 

/3  521.        E.A.  2^  34«°-9,  Dec.  +47°  4S'-  Mag.  6-5,  11. 

1878  iS3*'-7  5"-86  /3. 

S  314.        E.A.  2^  44"-3,  Dec.  +52*^  30'.  Mag.  6-9,  7*1. 

1876-2  300^7  i"-6  Gl. 
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/3  524.        E.A.  2**  46"''i,  Dec.  -I-37**  51'.    Mag.  67. 

18787  i58°7  o"-34  /3. 

A  0  is  S  318. 

2  326.        E.A.  2*  48"»-s,  Dec.  +26°  24'.     Mag.  7-5,  97. 

18687  2i6°-8  8"-59  OS. 

A  physical  pair. 

Joseph  Gledhill. 

Mr.  Edward  Oroaeley's  Obaerratory, 
Bermernde,  Halifax. 


Meteor  Notes  for  December*. 

The  return  of  the  shower  of  quick  short  meteors  from  a  radiant 
near  a  G^eminorum  should  be  observed  on  the  nights  of  the  9th- 
12th.  The  point  of  departure  is  rather  diffuse^  as  in  the  case  of 
the  Perseids  and  Orionids,  but  is  apparently  concentrated  between 
the  stars  a  and  B  of  Gemini.  A  shower  of  long  streak-leaving 
meteors,  seen  by  Corder  from  108°  +28®  on  Dec.  9,  1877  (and  re- 
garded by  him  as  distinct  from  the  true  G^minids),  should  also  be 
expected  to  recur,  and  on  about  the  6th  an  active  radiant  of  slow 
brilliant  meteors  from  near  ^  Tauri  may  be  seen.  On  Dec.  8, 187  7, 
a  very  marked  display  of  swift  meteors  was  traced  from  an  exact 
radiant  at  145°  -f  7°  (south  of  aLeonis).  Early  in  the  month  a 
shower  from  jj  Ursee  Majoris  has  been  observed,  and  towards  the 
end  there  is  a  conspicuous  radiant  near  vUrs»  Majoris  (132® 
+  47°).  Heis  gives  three  active  streams  this  month  from  the 
points  74"^  -f  45  (2nd-i3th),  66""  +34°  (3rd-iith),  and  115°  +55^ 
(  7th-23rd).  Zezioli  saw  the  latter  shower  both  on  the  9th  and  2 1  st, 
with  an  average  radiant  at  1 09°  -f  6  2°  from  three  observations.  There 
are  a  large  number  of  radiant-points  at  this  epoch  in  Ursa  Major, 
Leo,  and  the  adjacent  constellations.  On  the  first  few  nights  of 
January  the  Quadrantids  should  be  looked  for,  though  the  moon- 
light will  be  too  strong  to  give  the  observer  a  good  prospect  of 
success.  This  rich  shower  is  seldom  well  seen,  owing  to  the  con- 
stant impedimentfl  of  cloudy  weather  and  moonlight ;  but  during 
the  last  two  years  it  has  recurred  with  striking  activity  on  the 
morning  of  tfan.  2,  though  it  has  been  very  slightly  observed. 
Large  meteors  should  be  expected  on  the  nights  of  the  8th-9th, 
nth- 1 2th,  and  2i8t.  The  two  former  epochs  correspond  to  the 
G^minids;  but  on  the  2i8t  no  very  marked  radiant-point  has 
hitherto  been  detected,  though  the  number  of  fireballs  seen  on 
that  night  far  exceeds  (in  the  proportion  of  3  to  i)  the  number 
recorded  on  other  ordinary  nights  of  the  month,    lliis  predomi- 

*  See '  Observatory/  Vol.  i.  p.  259,  and  Vol.  ii.  p.  270,  for  further  notes  on 
December  showers. 


Digitized  by 


Google 


1879.]  Meteor  Notes.  247 

nance  of  brilliant  meteors  is  possibly  referable  to  the  action  of  a 
special  shower,  which  should  be  attentively  looked  for  every  year 
at  this  epoch. 

Bscent  Observations, — Mr.  H.  Corder,  at  Writtle,  Chelmsford, 
observed  54  Orionids,  chiefly  on  the  nights  of  Ocfc.  15  and  21,  and 
gives  two  radiants  at  88°  +13°  and  93°  -1-19*^.  He  says  "the 
shower  at  fi-ri  G^minorum  seen  in  1878  seems  not  to  be  in  action 
this  year ;  bat  the  one  at  y  Qeminorum,  scarcely  noted  last  year, 
is  very  active  this.  Only  three  ist  mags,  were  seen ;  they  were 
pale  yellow  with  greenish  streaks.  There  were  probably  adjacent 
showers  near  a  Tauri,  ( Tanri,  and  in  the  N.E.  part  of  Orion.^ 
Mr.  Corder  also  noted  two  active  radiants  of  slow  meteors  from 
the  points  25°  +8°  (18)  and  32°  +11°  (10),  the  former  at  the 
middle  of  the  month,  the  latter  at  the  end ;  and  they  are  probably 
identical  with  a  rich  display  observed  by  the  writer  this  year  at 
31°  +9°  (37  meteors,  Oct.  14-20),  and  by  Major  Tupman  in  1869, 
Oct.  13,  at  28°  +10°.  Amongst  the  other  showers  seen  by  Mr. 
Corder  the  most  prominent  were  at  95°  +34°  (10  meteors,  very 
swift,  streaks  brightening),  132^  -|-22°  (6),  286°  -1-42°  (6),  306P 
+  64°  (10).  There  were  doubtful  positions  at  60°  +38°  (7),  22° 
+  29°  (6),  and  40°  +7°  (4),  and  at  the  middle  of  the  month  17 
meteors  were  noted  trom  an  ill-defined  scattered  radiant  in  Cassio- 
peia (5°  +62°).  A  stationary  meteor  and  several  others  were 
registered  from  Lacerta  (336°  -1-43°). 

292  shooting-stars  were  seen  by  the  writer  at  Bristol  in  October, 
chiefly  on  the  nights  of  the  14th,  1 5th,  and  20th.  50  were  recorded 
after  midnight  on  the  14th,  including  a  brilliant  Orionid  s  $ , 
at  16^  45",  with  a  path  of  12°  in  the  fore  part  of  Ursa  Major.  On 
tiie  15th  a  watch  was  sustained  for  11  hours  (6**  30"  to  17**  30"), 
but  meteors  were  by  no  means  numerous  ;  the  aggregate  number 
counted  during  the  night  was  127,  of  which  16  conformed  to  the 
radiant-point  of  the  Orionids.  The  most  active  shower  proceeded, 
however,  from  the  west  part  of  Aries  at  about  3 1°  +  9°  (2 1  meteors) ; 
but  the  point  of  divergence  was  not  very  exactly  defined.  These 
meteors  were  slow,  somewhat  faint,  aud  with  occasional  trains. 
The  Gtemellids  (106°  -1-23°)  supplied  11  meteors  of  great  velocity, 
and  with  a  length  of  path  considerably  exceeding  the  average. 
Nearly  all  had  streaks.  Two  showers  from  Auriga  were  observed 
during  the  night  from  78°  -1-57°  and  76*^  -1-32°  (15  meteors),  and 
a  position  south  of  a  Cassiopeiee  (7°  +51°)  was  denoted  by  7 
slowish  paths.  After  the  15th  cloudy  nights  intervened  until  the 
20th,  when,  during  the  7  hours  preceding  13**  45",  88  meteors 
were  seen,  including  21  Orionids  with  a  radiant  Bt  93°  +17°.  Of 
the  ^remaining  meteors,  8  indicated  a  good  shower  at  45°  -f  6^ 
(a  Ceti),  slightly  seen  also  by  Mr.  Corder  (40°  +7°),  and  well  de- 
termined by  Major  Tupman  in  1869  at  43°  +11°,  Oct.  13,  and 
44°  -1-4®,  Oct.  14.  In  the  earlv  part  of  October  this  year  a  series 
of  dense  fogs  prevented  lengthy  observations  at  Bristol ;  but  on 
the  4tli-6th  about  15  shooting-stars  were  seen,  chiefly  from  a 
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shower  near  a  Cephei.  The  same  radiant  was  very  clearly  mani- 
fested on  several  evenings  later  in  the  month,  and  with  more 
&yoiirable  weather  a  large  number  of  its  meteors  would  presu- 
mably have  been  traced.  The  centre  was  at  316°  -1-59°  from  17 
paths.  Heis  had  determined  it  at  315°  +59°  for  Oct.  3-Nov.  13 
(Bj,  50  meteors).  The  recent  observations  for  the  period  Oct.  14— 
20  also  show  a  good  centre  at  95°  +46°  from  11  meteors,  and 
another  near  o  Urs»  (114°  -1-62°)  7  meteors.  Several  of  the  swift 
meteors  from  these  streams  wero  veiy  curious,  appearing  as  tran- 
sient gleams  of  dull  greenish  light,  and  utterly  dinerent  from  the 
sparkling  star-like  lustre  of  the  slow  meteors  proceeding  from  Aries 
and  the  constellations  yet  further  removed  from  the  earth's  apex. 
A  remarkable  ist  mag.  meteor,  evidently  belonging  to  the  Orionids, 
though  the  radiant  had  not  nearly  risen,  was  seen  at  8^  32"^  on 
Oct.  20.  It  ascended  from  the  N.E.  by  E.  horizon  to  the  star  /3Tauri, 
and  there  disappeared,  leaving  a  brilliant  streak  in  its  slowly  tra- 
versed path.  The  shower  of  Orionids  appears  to  have  been  fairiy 
well  exhibited  this  year  on  the  15th,  20th,  and  21st ;  but  it  is  un- 
fortunate that  in  the  interval,  when  ihe  maximum  probably  00- 
curred,  no  observations  could  be  obtained,  owing  to  the  cloudy 
weather. 

Mr.  Corder  watched  for  the  Leonids  on  the  nights  of  Nov.  11,12, 
and  13.  He  saw  about  12  meteors  from  this  shower  on  the  12th, 
and  on  the  13th  there  were  a  few  other  doubtful  ones.  The  radiant 
was  at  the  point  149°  +23^  exactly.  A  few  of  the  meteors  were 
ist  mag.,  pale  yellow,  with  yellowish  or  greenish  streaks.  Mr. 
Corder  also  noted  considerable  numbers  of  Taurids.  Altogeliier 
he  mapped  40  of  them  with  radiant  at  58*^  +21°.  They  were 
greenish  yellow,  with  short  reddish  trains,  and  sometimes  a  very 
narrow  red  streak.  There  were  other  radiants  near  the  Taurids 
with  similar  slow  meteors,  notably  in  Musca. 

The  writer  at  Bristol  observed  52  meteors  on  the  night  of  Nov. 
12  before  14.45,  ^^^  ^^  ^^^  '3^^  ^^^  meteors  were  seen  in  a 
watch  extending  over  i  i-J-  hours,  from  5**  30"  to  1 7**.  The  sky 
was  a  little  foggy  before  midnight  and  only  s^  meteors  were  seen. 
There  was  a  very  decided  outburst  of  fine  Leonids  on  the  morning 
of  the  14th,  chiefly  between  2  J**  and  3^**  a.m.  The  shower  consisted 
of  18  meteors  (2  =  7^,  2=  c^,  and  2  =  ist  mag.),  all  very  swift  and 
with  vividly  bright  lingering  streaks,  which  enabled  the  directions 
of  their  paths  to  be  very  accurately  recorded.  Badiant-point  at 
148°  -h  23°  precisely.  Max.  Nov.  13  at  15*".  Two  Leonids  were 
also  seen  on  the  12th,  one  of  which,  at  about  10^  17™,  was  a  very 
extraordinary  meteor,  fortunately  seen  both  at  Bristol  and  at 
Writtle.  As  observed  at  the  former  station,  it  had  a  very  long 
path  of  98°  from  98**  +22°  to  4°  —15°,  and  left  a  brilliant  streak 
m  its  wake,  though  the  nucleus  was  only  3rd  mag.  The  duration 
of  flight  was  estimated  at  4  seconds.  Mr.  Corder  says,  "The 
commencement  of  the  streak  was  at  about  12®  +21^,  and  the 
nucleus,  evidently  much  diminished,  was  travelling  very  slowly 
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towards  Jupiter,  stopping  dose  to  him  at  338°  —12°,  or  about  40° 
long ;  but  the  track  was  eyidentlj  much  foreshortened,  being  close 
to  the  anti-radiant-point.  I  think  it  was  the  queerest  meteor  I  ever 
saw.  It  was  only  about  4th  mag.  when  I  observed  it,  with  a 
great  streak  like  a  meteor  =  Sinus  at  least."  At  Bristol,  as  at 
Writtle,  large  numbers  of  Taurids  were  observed.  On  the  12th 
the  radiant  seemed  very  exact  at  62°  +21  J°,  but  on  the  evening  of 
the  14th  the  best  centre  was  at  58°  +21°.  On  the  13th  a  number 
of  meteors  closely  resembling  the  Taurids  were  registered  from  a 
point  near  e  Arietis ;  and  on  the  morning  of  the  14th  some  very 
Bwift,  streak-giving  meteors  indicated  a  radiant-point  at  125°  +  55°. 
From  these  observations  it  is  certain  that  the  Leonids  reappeared 
this  year  both  on  the  mornings  of  the  13th  and  14th,  exhibiting 
some  very  fine  meteors  from  the  usual  radiant-point,  and  that  the 
Taurids  offered  an  abundant  display  of  meteors  at  the  same  epoch. 
The  Leonids  were  increasing  so  fast  at  about  15**  on  Nov.  13  that 
a  brilliant  return  of  these  meteors  seemed  imminent ;  but,  soon 
afterwards,  the  shower  died  away,  and  there  were  only  occasional 
ahots  from  the  sickle  of  Leo. 

A  brilliant  meteor,  estimated  4  X  !{,  was  seen  at  Greenwich  at 
II*  31"  P.M.,  Nov.  II.  "Path  nearly  horizontal  from  v  Eridani, 
between  y  and  d  Eridani  to  425!°  S.  23°,  leaving  a  bright  emerald- 
green  streak  for  5  seconds,  5'  to  7'  br(md  in  the  centre,  and  tapering 
at  both  ends.  Path  fixed  by  the  streak.  It  was  seen  through  the 
window  of  a  room  illuminated  by  gas."  Mr.  Corder  appears  to 
have  noted  the  streak  of  this  meteor  at  1 1**  30™,  Nov.  1 1,  from  50° 
—  12®  to  28°  —23°.  He  says  it  was  evidently  a  Leonid;  its  path 
conforms  to  the  radiant-point  exactly. 

Mr.  E.  F.  Sawyer,  at  Cambridgeport,  Mass.,  writes  that "  his  ob- 
servations in  September  were  few  in  number,  owing  to  cloudy 
weather."  Three  showers  were  seen  as  follows: — Sept.  9- 11  at 
2°  +15°  (9  meteors,  max.  on  nth),  Sept.  15-20  at  10  +35**  (10 
meteors,  max.  on  17th),  Sept.  7-17  at  346°  +45°  (8  meteors).  On 
Oct.  19  Mr.  Sawyer  watched  for  5  hours  (8^  to  13^)  and  recorded 
46  meteors,  of  which  8  were  Orionids  from  a  radiant  at  93°  + 14°. 
Eeferring  to  the  August  Perseids  of  this  year,  he  says  the  shower 
was  certwnly  a  very  meagre  one  and  inferior  to  any  previous  display 
as  observed  by  him.  Yet  M.  Chapelas  ('Observatory, 'No. 31,  p.  213) 
found  the  horary  number  greater  than  in  1848,  which  he  regards  as 
the  year  .of  maximum  abundance.  The  latter  observation  is 
strangely  at  variance  with  ol^er  results. 

A  very  brilliant  meteor,  illuminating  the  whole  sky,  was  seen  at 
Debenham,  Suffolk,  on  Sept.  22,  at  13**  20™.  It  began  at  an  alti- 
tude of  about  70°  in  the  Milky  Way,  and  descended  swiftly  to  a 
point  several  degrees  bebw  Jupiter,  where  it  burst. 

W.  F.  Dennujg. 
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CORRESPONDENCE. 

To  the  Editor  of '  The  Observatory.* 

The  Eclipse  of  1879,  J^V  '8. 

Sm,— 

I  find  myself  obliged,  much  against  my  wiU,  to  reply  to  the 
vmjostifiable  and  gratuitous  attack  made  on  me  by  Senor  Pujazoa 
in  the  letter  sign^  by  him  which  appears  in  No.  30  of  '  The  Ob- 
servatory.' 

I  do  not  consider  myself  an  infallible  observer,  and  the  readers 
of  'The  Observatory'  will  readily  understand  how  easy  it  is  to 
make  a  mistake  in  counting  the  seconds  on  the  chronometer  or  in 
fixing  the  exact  instant  of  any  physical  phenomenon  whatever. 

Senor  Pujazon  undertakes  to  defend  the  Spanish  'Nautical  Alma- 
nac,' which  no  one  has  attacked ;  the  comparison  made  by  me  between 
my  observation  and  the  data  given  in  the '  Nautical  Almanac '  had  for 
object  to  show  the  great  difference  between  them. 

If  I  had  wished  to  call  in  question  the  accuracy  of  the  Spanish 
*  Nautical  Almanac '  I  should  have  confined  myself  to  a  revision  of 
its  data,  since  none  of  its  astronomical  tables  are  the  production  of 
Seiior  Pujazon,  nor  is  he  the  author  of  a  single  formula. 

If  Senor  Pujazon  were  a  practical  astronomer,  he  would  know  that 
many  perturbing  influences  affect  every  astronomical  observation — 
the  quality  of  the  instrument,  the  state  of  the  atmosphere,  the  al- 
titude of  the  celestial  body,  personal  equation,  <&c. — all  these  should 
be  taken  into  consideration  before  rejecting  with  disdain  the  results 
obtained  by  the  most  humble  lover  of  astronomy. 

I  am.  Sir,  your  obedient  servant, 
Oadiz,  1879,  October  iS.  AuouSTO  T.  Aboimis. 

The  Red  Spot  on  Jupiter. 

Si»,— 

With  regard  to  0.  W.  Pritchetf  s  query  in  your  last  Number 
as  to  whether  the  red  spot  on  Jupiter  was  visible  last  autumn,  I 
have  only  two  observations  bearing  on  the  point.  One  was  on 
Sept.  9,  1878,  at  9**  53",  long,  of  central  meridian  248°,  when  I 
made  a  short  note  on  Jupiter ;  there  is  no  mention  of  the  red  mark, 
but  the  definition  was  bad.  And  I  have  a  sketch  drawn  on  Aug.  1 9, 
at  9**  30™,  long,  of  central  meridian  311°,  when  the  spot  should 
have  been  visible  if  in  the  same  position  as  it  has  now ;  but  no  trace 
of  it  is  shown.  But  when  the  long,  of  the  central  meridian  was 
82°,  on  Aug.  27,  at  9*"  39™,  I  have  the  following  note : — "  There  is 
a  long  dus^  mark  a  little  south  of  the  southern  equatoreal  belt,  its 
/  end  being  two-fifths  of  the  way  from  the  2>  to  the/  limb."    I 
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do  not  know  whether  this  can  hare  any  beanng  on  the  red  spot ; 
but  at  present  its  longitude  is  increasing  about  5°  per  month. 

These  observations  were  made  with  a  4;J-inch  refractor. 

Prof.  Pritchett  appears  to  be  in  error  in  stating  that  the  latitude 
of  this  spot  is  40° ;  a  sketch  I  made  of  it  places  it  in  lat.  22^. 

I  am,  Sir,  yours  faithfully, 
Sunderland,  T.  W.  BACKHOUSE. 

1879,  Oct.  29. 

Large  Meteor. 
Sib,— 

You  may  be  interested  to  know  that  at  6^  16"  G.M.T.,  on 
Nov.  19, 1  observed  from  the  railway-station  here  a  large  meteor. 
It  first  appeared  at  a  height  of  about  20°  above  the  northern  horizon, 
at  a  point  about  5^  east  of  north,  and  descended  to  a  point  slightly 
further  east,  about  10°  above  the  horizon.  Its  path  was  within  a 
few  d^rees  of  being  vertical.  The  duration  of  its  flight  was,  as 
far  as  I  could  guess,  two  seconds.  Very  faint  at  first,  it  increased 
rapidly  in  brightness  until,  at  the  dose  of  its  path,  it  showed  an 
apparent  breadth  of  about  6'  or  7'.  It  was  about  as  bright  as 
Jupiter  would  be  if  he  showed  the  same"  area  as  it  did.  This, 
however,  must  be  an  underestimate,  as  it  shone  through  a  veil  of 
clouds  which  hid  all  the  stars  in  the  neighbourhood. 

I  am,  Sir,  yours  faithfully, 
SaltcoatB,  Ayrshire,  N.B..  Edwabd  B.  Kibk. 

1879,  November  19. 

Transits  of  Intra- Mercurial  Planets. 

Sib,— 

Professor  Oudemans,  of  Utrecht,  has  kindly  called  my  at- 
tention to  the  fact  that  in  the  list  of  supposed  observations  of 
the  Transits  of  Intra-Mercurial  Planets  or  other  Bodies  across  the 
Sun's  disk,  which  you  did  me  the  honour  of  publishing  in  your 
impression  of  September  last,  no  mention  is  made  of  Haase's  dis- 
cussion of  the  same  subject  in  the  *  Zeitschrif t  f iir  Astronomie/  or 
of  the  list  of  such  observations  given  by  him. 

May  I  be  allowed  to  explain  that  I  had  Haase's  articles  before 
me  while  composing  the  Lecture  from  which  the  excerpt  in  the 
'  Observatory '  is  t^en ;  but  that  I  did  not  mention  them,  because 
I  thought  they  would  not  be  easy  of  access  to  my  hearers  ?  I  also 
found  that  they  mentioned  many  observations  which  I  did  not 
think  of  sufficient  importance  for  insertion,  even  in  what  might 
well  be  termed  as  complete  a  list  as  I  could  give  in  a  popular 
lecture. 

I  ought,  however,  before  the  list  appeared  in  the  *  Observatory,*  to 
have  seen  that  a  reference  to  Haase's  valuable  articles  was  appended ; 
and  I  shall  be  much  obliged  if  you  can  insert  this  note,  so  that  in 
the  index  of  your  current  volume  it  may  appear  concurrently  with 
the  list  in  the  September  number. 

TOL.  III.  X 
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Posaiblj  in  Haase*s  list  some  additional  observations  may  be 
found  which  are  really  of  importance  ;  but  I  believe  that  most  (if 
not  all)  of  those  which  I  have  omitted  were  cases  of  Sunnspots  of 
brief  duration. 

It  may  interest  some  of  your  readers  to  hear  that  Prof.  Oudemans 
has  suggested  to  me  that  some  of  the  appearances  referred  to  may 
be  instances  of  large  meteoric  waves  moving  possibly  in  hyperbolic 
orbits,  the  transits  of  which  would  not  recur. 

I  am,  Sir,  your  obedient  servant, 

Gresham  College,  EdmUND  Ledqeb. 

1879,  Not.  22. 

Mars  andihe  Schiaparelli  Canals. 

Sib,— 

These  canals  are  still  reported  visible  by  Prof.  Schiaparelli. 
In  a  letter  to  the  writer,  under  date  October  27,  Schiaparelli 
states : — "It  is  as  impossible  to  doubt  their  existence,  as  that  of  the 
Bhine  on  the  surface  of  the  earth."  A  careful  search  has  been 
made  for  them ;  but  the  definition  afforded  by  the  St.-John's  Wood 
atmosphere  has  barely  sufficed  to  identify  the  details  of  the 
Madeira  drawings.  Mr.  Burton,  observing  near  Dublin,  has  ob- 
tained some  very  good  views,  in  which  there  are  traces  of  similar 
forms  to  the  canals  of  Schiaparelli,  though  they  do  not  occur  in 
the  same  positions ;  and  in  some  drawings  by  myself  faint  and 
diffused  tones  may  be  seen  in  places  where  Prof.  Schiaparelli  states 
that  new  canals  have  appeared  during  this  opposition.  Should 
any  of  your  readers  possess  recent  drawings,  especially  of  the 
neighbourhood  of  Terby  Sea,  I  should  be  much  obliged  by  a  sight 
of  uiem. 

I  am.  Sir,  yours  &ithfully, 
30  Oirons  Bead,  NaiH.  £.  GbeEN. 

St.  John's  Wood,  London. 


NOTES. 

The  "Notemser  Leoiods. — ^The  Leonids  were  watched  for  at 
the  Boyal  Observatory,  Greenwich,  on  the  nights  of  November  12^ 
13,  and  14,  the  circumstances  on  each  occasion  being  very  favour- 
able.   The  particulars  are  as  follows : — 

Duration  of         No.  of      From  Leo  From  other 

Day                          watch.         Meteors  seen,    radiant.  radiants. 

Nov.  12 11**    to  14"*            13                  6  7 

13 II     to  i5i          19                9  10 

14 "i  to  15I         32              18  14 

Total    64  33  31 

The  observations  on  these  nights  were  made  respectively  by 
Messrs.  Greengrass,  Simmons,  and  Hugo. 
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TJrakometeia  Abobntina. — This  important  work,  undertaken 
by  Dr.  Gould  at  Cordoba,  in  continuation  of  Argelander's  and 
Heis's  naked-eye  surveys  of  the  northern  hemisphere,  has  just  been 
published,  and  an  interesting  account  of  it  is  given  in  the  Buenos 
Ayres  '  Standard/  Erom  this  we  take  the  following  particulars : — 
The  'Uranometria  Argentina'  was  intended  to  do  for  the  southern 
heavens  what  Argelander  and  Heis  in  their  Uranometries  had  al- 
ready done  for  the  northern,  showing  in  a  series  of  charts  and  ac- 
companying catalogue  all  stars  down  to  the  seventh  magnitude,  the 
limit  of  visibility  in  the  clear  sky  of  Ck)rdoba.  Four  assistants 
were  engaged  on  the  work,  which  was  begun  in  1870,  and  each  por- 
tion of  the  heavens  was  independently  mapped  down  by  at  least 
two  of  them,  and  the  magnitude  of  every  star  carefully  noted. 
Three  years  were  spent  in  this  survey,  and  since  then  Mr.  Thome 
has  twice  reviewed  the  entire  work,  so  that  Dr.  Gould  considers  it 
improbable  that  any  star  so  bright  as  yo  magnitude  has  escaped 
detection,  whilst  the  magnitudes  are  believed  to  be  essentially  cor- 
rect to  the  tenth  of  a  magnitude.  The  total  number  of  stars  is 
10,649,  and  the  total  number  of  estimates  of  magnitude  44,510. 
All  the  stars  have  been  observed  at  least  four  times  each  for  accu- 
rate position  with  the  Transit-circle.  The  charts  are  13  in  num- 
ber, consisting  of  a  polar  chare  extending  30°  in  radius  from  the 
pole  and  two  belts  of  six  charts  each,  reaching  to  12^°  north  of  the 
equator,  and  have  been  reproduced  by  photo-lithography.  There  is 
also  an  index  map  giving  the  whole  limit  of  the  Uranometry  at  a 
glance  and  containing  storn  down  to  the  5th  magnitude.  The  ac- 
companying catalogue  gives  the  approximate  position,  the  magni- 
tude (that  of  each  component  being  given  in  the  case  of  a  double 
star),  colour,  and  range  of  brightness  with  length  of  period  if  a 
variable  star.  In  the  notes  a  complete  history  of  all  variable  and 
suspected  variables  is  given. 

The  last  chapter  of  the  work  is  devoted  to  a  discussion  of  the  dis- 
tribution of  the  stars  according  to  their  brightness.  Dr.  Gould 
finds  that  by  collecting  all  stars  to  the  9th  magnitude  and  distri- 
buting them  according  to  classes,  there  is  always  an  excess  in  the 
numl]^r  of  the  bright  stars  observed  over  those  which  result  from 
calculation,  on  the  supposition  that  the  stars  increase  regularly  in 
number  as  they  diminish  in  brightness,  but  that  the  accordance  is 
much  closer  for  the  faint  stars.  It  is  not  assumed  that  the  stars 
are  all  of  the  same  size,  and  that  they  vary  in  brightness  according 
to  their  distance  from  the  observer — in  fact  we  know  that  if  our 
sun  were  removed  to  the  distance  of  an  average  first-magnitude 
star  it  would  shine  as  one  of  the  third  or  fourth  magnitude ;  but 
it  cannot  be  doubted  that  the  average  distance  of  all  the  5th-mag- 
nitude  stars,  for  instance,  is  nearer  to  us  than  the  average  of  all  the 
6th  magnitudes.  Eeasoning  from  this  excess  of  the  bright  stars, 
and  the  existence  of  a  belt  of  bright  stars  girdling  the  heavens,  in- 
clined to  the  galaxy  at  an  angle  of  20^  at  its  greatest  deviation,  aad 
intersecting  in  two  nodes  1 2  hours  apart,  he  concludes  that  we  are 
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situated  in  a  cluster,  numbering  probably  400  stars,  and  nmging  in 
magnitude  from  ist  to  7th.  This  belt  being  yerjmarked  in  thesouth, 
and  less  so  in  the  north,  he  considers,  that  our  position  In  it  is  on 
that  side,  in  the  direction  of  Hercules,  the  point  in  the  heavens 
toward  which  our  solar  system  is  also  believed  by  astronomers  to 
be  moving.  We  cannot  do  better  than  give  a  synopsis  of  Dr. 
Gould's  conclusions  as  stated  in  his  own  words  ; — 

"  There  is  in  the  sky  a  girdle  of  bright  stars,  the  medial  line  of 
which  differs  but  little  from  a  circle  inclined  to  the  galactic  circle 
by  a  little  less  than  20^. 

**  The  grouping  of  the  fixed  stars  brighter  than  4*1  is  more  sym- 
metric relatively  to  that  medial  line  than  to  the  galactic  circle,  and 
the  abundance  of  bright  stars  in  any  region  of  the  sky  is  greater  as 
its  distance  therefrom  is  less. 

**  The  known  tendency  to  aggregation  of  faint  stars  towards  the 
Milky  Way  is  according  to  a  ratio  which  increases  rapidly  as  their 
magnitudes  decrease,  and  the  law  of  which  is  such  that  the  corre- 
sponding aggregation  would  be  scarcely,  if  at  all,  perceptible  for  the 
bright  stars. 

"  These  facts,  together  with  others  that  have  been  stated,  indi- 
cate the  existence  of  a  small  cluster  within  which  our  system  is 
excentrically  situated,  but  which  is  itself  not  far  from  the  middle 
plane  of  the  galaxy.  This  cluster  appears  to  be  of  a  flattened 
shape,  somewhat  bifid,  and  to  consist  of  somewhat  more  than  four 
hundred  stars,  of.  magnitudes  from  the  first  to  the  seventh,  their 
average  magnitude  being  about  ^'6  or  3*7." 

To  determine  our  position  with  reference  to  the  Milky  Way  an 
elaborate  and  systematic  series  of  measures  have  been  made  aloug 
its  entire  course,  as  given  on  the  charts  and  Heis's  atlas.  The 
circle  resulting  from  these  measures  is  so  nearly  coincident  with  a 
great  one  that  our  position  may  be  assumed  as  nearly  in  its  central 
plane.  A  close  study  of  the  measures  for  width  of  the  main  stream 
reveals  the  fact  that  there  are  two  places  of  maximum  breadth  on 
nearly  opposite  sides  of  the  sky,  and  two  where  the  breadth  is  a 
minimum,  also  about  12  hours  apart.  At  one  of  these  regions  of 
greatest  width  two  branches  are  plainly  and  easily  recognizable,  the 
rift  beginning  near  a  Centauri  and  extending  to  Cygnus  in  the  far 
north.  The  circles  representing  the  course  of  these  branches  cross 
at  the  points  of  minimum  width,  seeming  to  show  that  there  are 
really  two  galaxies  going  to  make  up  the  beautiful  bright  arch  of 
the  Milky  Way.  One  of  these  branches  presents  a  more  widely 
difiPused  and  fainter  appearance  than  the  other,  which  is  very  bright 
and  comparatively  narrow  with  sudden  changes  of  brilliancy.  Tnis 
would  seem  to  indicate  that  they  are  also  at  unequal  distances  from 
us. 


Pbofessob  Vaughan  on  the  Obigin  of  the  Astesoids. — It  is 
to  the  general  features  of  the  niunerous   small   planets  beyond 


Digitized  by 


Google 


1879.]  Note9.  256 

Mars  that  we  must  look  for  a  record  of  their  past  history.  Though 
most  liable  to  elude  the  search  of  the  observers,  asteroids  of  great 
orbital  inclination  to  the  ecliptic  show  already  such  numbers  as  \o 
prove  a  stumbling-block  to  the  usual  methods  of  inquiry  respecting 
the  primitive  condition  of  the  planetary  group.  If,  as  Laplace 
supposes,  they  are  parts  of  a  ruptured  solar  ring,  they  could  never 
deviate  fir  from  the  plane  of  Jupiter's  orbit  by  the  attractive  in- 
fluence of  other  planets,  and  the  greatness  of  the  deviation  as  well 
as  its  independence  of  size  excludes  the  idea  of  its  arising  from  any 
mutiial  action  exerted  among  themselves.  The  hypothesis  of  Olbers 
^iils  also  to  meet  the  difficulty.  In  the  explosion  of  a  single  planet 
moving  in  the  plane  of  the  ecliptic,  such  an  impulse  as  produced 
the  great  inclinations  of  the  paths  of  Pallas,  Euphrosyne,  Gallia, 
Electra,  or  Artemis  would  give  cometary  orbits  to  masses  launched 
forth  in  opposite  tangential  directions,  and  cause  many  asteroids 
of  such  an  origin  to  wander  far  beyond  the  zone  between  Mars  and 
Jupiter.  Tet  the  peculiarities  in  question  are  precisely  such  as 
may  be  expected  in  a  group  of  bodies  owing  their  birth  to  a  col- 
lision of  two  planets  not  very  unequal  in  size  or  mass.  Such  an 
event  would  te  possible  when  by  long  disturbance  the  orbits  of 
both  become  too  eccentric  for  safety,  and  wheii  the  aphelion  of  one 
was  in  conjunction  with  the  perihelion  of  the  other  and  near  the 
intersection  of  their  planes.  Supposing  both  orbits  to  touch  at 
the  colliding  point,  the  resulting  fragments  would  be  driven  forth 
in  a  plane  perpendicular  to  the  course  of  their  common  centre  of 
gravity.  Ii  the  velocity  from  the  impulse  were  thirty-two  per 
cent,  of  that  required  for  describing  a  circle,  they  would  be  con- 
strained to  move  in  ellipses  varying  in  eccentricity  between  '32 
and  '1024  ;  and  about  seven-eighths  of  the  known  asteroids  con- 
form to  this  limitation  in  the  form  of  their  orbits.  Had  the  motion 
of  both  planets  been  merely  progressive  and  coincident  with  the 
ecliptic,  the  orbital  inclination  for  the  fragmentary  group  would  vary 
from  0°  to  about  19°,  yet  the  range  would  pass  many  degrees  beyond 
this  limit  through  the  influence  of  rotation  in  the  great  spheres  in 
causing  their  matter  to  fly  more  rapidly  into  space  in  a  polar  direc- 
tion in  the  early  stage  of  the  collision.  Yet  this  rotational  move- 
ment would  prevent  the  eccentricities  of  the  numerous  orbits  from 
assuming  the  proportions  which  might  be  expected  if  the  line  of 
motion  of  the  colliding  orbs  did  not  pass  through  their  centres 
as  in  the  supposed  case. 

There  is  another  clue  to  the  cosmical  history  of  the  region  be- 
tween Mars  and  Jupiter.  The  orbits  of  Saturn's  moons  show  a 
near  conformity  to  geometrical  progression ;  and,  taking  the  common 
rates  at  1*30756,  the  following  table  gives  the  empirical  as  com- 
pared with  the  actual  distances  in  equatoreal  semi-diameters  of  the 
primary :  — 

Mimas    3'36o7  3*3^07 

Enceladus 4*3933  4*3125 

Tethys 57483  5-3396 
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Dione 7*5182  6'^^gZ 

^hea 9'8325  9'SS^^ 

i2*86oo 

16-8190 

Titan *. 21*9972         22*1450 

Hyperion   287690        26*7834 

37*6250 

49*2150 

lapetus   64*3590        64*3590 

It  appears  from  this  table  that  two  consecutive  satellites  are 
missing  in  each  of  the  chasms  in  the  Satumian  fimilj ;  and  this 
evidence  of  their  transformation  into  asteroids  seems  more  reason- 
able on  considering  the  disturbing  influences  of  Titan  and  lapetus 
on  their  planetary  neighbours.  The  array  of  the  satellites  near 
Saturn  would  also  lead  to  the  belief  of  more  worlds  than  one  near 
the  Sun,  and  the  vain  search  for  Vulcan  would  render  more  pro- 
bable the  existence  of  an  asteroidal  group  within  the  orbit  of  Mer- 
cury.— Popular  Science  Monthly, 

SouTHBBN  MuLTEPLB  Stajeis*. — M.  Ouls,  the  Director  of  the 
Imperial  Observatory  of  Bio  Janeuro,  has  been  engaged  for  some 
time  on  the  formation  of  a  catalopie  of  southern  multiple  stars 
between  the  pole  and  50°  S.P.D.,  in  the  course  of  which  he  has 
noted  some  facts  worthy  of  record. 

1.  In  the  beautiful  stellar  cluster  round  k  Crucis  a  comparison 
with  Sir.  J.  Herschel's  drawings  and  observations  shows  some 
notable  changes.  Three  double  stars  appear  to  be  certainly  in 
orbital  motion,  and  the  star  next  to  the  red  one  shows  a  rectilmear 
displacement.  M.  Cruls  has  also  registered  a  star  of  6*5  mag., 
i»  4»-26  /  and  4'  i4"*6  s  of  B.A.C.  4308,  which  he  has  not  been 
able  to  find  in  any  of  the  catalogues  at  his  disposal. 

2.  The  central  double  star  of  a  Crucis  appears  to  have  a  proper 
motion  of  about  i"  a  year  towards  the  S.S.B.  relatively  to  the  four 
other  stars  of  the  group. 

3.  The  double  stiar  ^5193,  noted  by  Herschel  as  following  a  Pa- 
vonis  by  36'*5,  appears  to  have  an  annual  proper  motion  of  — 1"*04 
in  R.A.,  whilst  further  observations  are  required  to  determine  that 
in  declination.  M.  Cruls  urges  the  importance  of  registering  dif- 
ferences of  R.A.  and  N.P.D.  between  a  binary  star  and  a  neigh- 
bouring star  for  future  reference. 

4.  M.  Cruls  has  noted  new  distant  companions  to  fl  and  y  Crucis 
and  h  4341.  

The  Natjtical  Almanac  for  1883  has  just  been  published.  The 
principal  change  introduced  is  the  application  of  Newcomb's  Cor- 
rections to  the  B.A.  and  Dec.  of  the  Moon  as  derived  from  Hansen's 
Lunar  Tables.  The  Longitude,  Latitude,  Parallax,  and  Semi- 
diameter  have  been  taken  unaltered  from  Hansen's  tables.  Also  a 
table  is  given  of  the  Greenwich  corrections  to  the  B.A.'s  of  tlie 
Nautiail- Almanac  Standard  Stars  for  1879. 

*  Comptes  Kendiis,  Vol.  Ixxxix.  No.  8. 
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Nebulous  Stab. — On  Nov.  14  the  Eev.  T.  W.  Webb  noted  a 
nebulous  star,  in  Cygnus,  5"  in  diameter,  which  bad  been  recorded 
in  the  Bonn  Durcbmusterung  as  Zone +41°,  No.  2004,  Mag.  8*5. 
Mr.  Knott  examined  the  object  on  Nov.  25,  and,  with  a  Maclean 
star-spectroscope,  found  that  its  spectrum  appears  to  consist  of 
one  bright  line — very  bright.  At  Dun  Echt  the  spectrum  was 
examined  on  Nov.  22  and  23,  and  was  found  to  be  approximately 
monochromatic.  The  position  of  the  object  is,  for  1880,  E.A. 
2i*»  2"  31",  Dec.  -1-41°  45'-3. 

The  Gresham  Professor  of  Astronomy  (Eev.  E.  Ledger)  delivered 
a  course  of  four  lectures,  at  Gresham  College,  on  the  evenings  of 
Nov.  II,  12,  13,  and  14.  In  the  first  two  lectures  the  Earth's 
rotation  and  its  orbit  were  discussed  with  special  reference  to 
"  Climate  and  Time."  The  last  two  were  devoted  to  the  planet 
Mars,  and  its  satellites  Deimos  and  Phobos.  Mr.  Green's  views 
of  Mars  and  his  recently  published  map  were  exhibited  on  a 
screen  by  means  of  the  limelight.  The  lectures  were  attended  by 
an  audience  of  between  300  and  350  persons  on  each  evening, 
many  of  whom  were  teachers  or  pupfl-teachers  in  schools  in  various 
districts  of  the  metropolis. 

Mr.  B.  KiDD  writes  to  explain,  with  reference  to  his  letter  (*  Ob- 
servatory,' No.  31,  p.  207),  that  what  he  saw  was  not  a  retrogression 
of  the  satellite,  but  merely  a  separation  consequent  on  using  a  higher 
power,  just  as  a  double  star  may  be  seen  separated  with  180,  that 
appears  single  with  100.  His  point  was,  "seeing  the  satellite 
through  the  disk  of  Jupiter ;  and  that  was  as  evident  as  any  thing 
else  one  sees,  whether  an  illusion  or  not." 

FouE  new  Minor  Planets  have  been  discovered  since  our  last 
report,  viz.: — No.  207  on  Oct.  17,  and  No.  208  on  Oct.  21,  by  Herr 
Pab'sa,  at  Pola;  No.  209  (Dido)  on  Oct.  22,  by  Prof.  Peters,  at 
Clinton;  and  No.  210  on  Nov.  12,  by  Herr  Palisa.         Editob. 
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Phoboa. 


Deimos. 


I. 

.S-op  ivSf 

8-4P 

Dec.  II 

2. 

■  I'op  10-8  f 

14-7^ 

12 

3- 

•5-9i'    97/ 

5-8/ 

13 

4- 

.87/    I2-5JP 

12'l/ 

14 

5- 

•7-7/  "-SP 

184/ 

15 

6. 

.6-6/  lo'sp 

9*5 1> 

16 

7- 

.5-6/     9-4i> 

i5-8j> 

17 

8. 

.8-4i>  12-2/ 

rof 

18 

9- 

■T3P  "•!/ 

lysf 

»9 

10. 

.6-3P  lo-if 

4*4  P 

20 

Pos.-angle  52° 

PhoboB. 
..5-3  i>  9-1/ 
..8'o/  ii'9p 
..7'o/  10  8  p 
. .  6-0/  g-Sp 
..8-7j>  12-6/ 

■  .y-Ti?  11-5/ 

..67i>  10-5/ 
..S-6p    9-4/ 

.  .8-4/    I2-22> 

)..7-4/   11-22? 


or  232®. 

PeimoB. 

I07JP 

170JP 

8-1/ 

14-4/ 

irgp 

i8*2jp 

9'3f 

iS'^f 
6-8p 
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Semi-axes  of  Orbits : — 

Phobo0.  Deimos. 

Dec.    I 23"-6     7"-i         58"-8     jy"'6 

Dec.  20 19-5     6-1         48  7     15   3 

The  elongations  «  p  and  nf  recur  at  intervals  of  3'*-8  for  Phobos 
and  1 5***  15  for  Deimos. 

The  times  of  elongation  have  been  derived  from  Prof.  Asaph 
Hall's  data,  applying  a  correction  of  —  44"  in  the  case  of  Phobos, 
as  found  by  his  recent  observations,  and  also  a  correction  of  +4'" 
for  aberration  of  light. 

Prof.  Asaph  Hall  has  observed  the  satellites  regularly  since 
Oct.  12,  and  finds  that  Phobos  comes  to  its  elongations  44"*  before 
the  predicted  times,  the  error  in  areocentric  longitude  of  his  ephe- 
meris  being  +34°*3  (rather  less  than  the  estimated  probable  error), 
so  that  the  periodic  time  ought  to  be  diminished  by  i''074,  and 
would  thus  be  7**  39"  i3''996.  In  the  case  of  Deimos  the  error  in 
pos.-angle  appears  to  be  only  —  o°*22,  so  that  the  satellite  is 
almost  exactly  in  its  calculated  place.  These  results  must  be  re- 
garded as  highly  satisfactory. 

Mr.  Common  has  accumulated  a  considerable  number  of  observa- 
tions of  both  satellites,  and  a  series  of  micrometer  measures  of 
Deimos  was  obtained  at  Greenwich  on  one  night  (Nov.  12). 

Satellites  of  Saturn. 
Me.  "W.  E.  Coopee,  The  Mount,  Worcester,  has  prepared,  from 
Mr.  Marth's  ephemeris,  a  sheet  of  diagrams  showing  the  positions 
of  the  five  inner  satellites  at  8**  G.M.T.,  for  the  month  of  Decem- 
ber. The  positions  at  any  other  hour  may  easily  be  inferred  by 
help  of  the  hourly  motion  in  the  orbit. 

Semi-axes  of  orbits,  expressed  in  radii  of  Saturn : — 
Mi. 

Major 3*14 

Minor 0*41 

Daily  motion .     382** 
Hourly  motion      1 5°'9 

The  reader  is  requested  to  correct  the  following  slips  in  the  litho- 
graphed diagrams  : — Dec.  2,  Sat.  5  should  be  a^e  line  of  rings; 
Dec.  30,  Sat.  4  should  be  abovehneoi  rings  ;  Dec.  21,  Sat.  5  should 
be  above  line  of  rings,  and  at  a  distance  of  3I  radii. 

Satellites  are  in  front  of  the  planet  and  move  from  right  to  left 
when  below  or  north  of  the  line  of  rings,  and  behind  it  when  above. 

Publications  received : — J.  Band  Capron,  Aurorce,  their  Characters 
and  Spectra  (B.  and  F.  N.  Spon) — J.  Band  Capron,  Photographs  of 
the  Moon  taken  at  Guildown  Observatory,  1878 — Piassd  Smyth,  The 
Solar  Spectrum  in  1877  and  1878  (Trans.  Boy.  Soc.  Edinburgh, 
vol.  xiix.) — Annibale  de  Gasparis,  Sviluppo  in  Serie  secondo  le  po- 
tenze  del  tempo  del  valore  inverso  del  cubo  della  Distanza  Variabili  di 
due  Pianeti  (S&poM,  1879).  Editor. 
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No.  83.  JANUARY  1.  1880. 

MEETING  OE  THE  EOTAL  A9TE0N0MICAL  SOCIETT. 
Eriday,  1879,  December  12. 

Lord  Li3a)SAT,  M.P.,  E.E.S.,  &c.,  President,  in  the  Chair. 

Secretaries :   Mr.  J.  W.  L.  Glaisheb,  M.A.,  E.E.S.,  and 
Mr.  A.  CowpBB  EAirrAED,  M.A, 

Mb.  Glaisheb  reported  that  58  presents  had  been  received,  in- 
cluding some  volumes  of  the  '  Journal '  of  the  £cole  Poljtech- 
nique. 

The  President  read  a  letter  frcnn  Mr.  Bartlett,  one  of  the  church* 
wardens  of  Stone,  appealing  for  help  from  the  Rojal  Astronomical 
Society  towards  the  restoration  of  the  church,  the  cost  of  which  is 
estimated  at  £3000. 

This  letter,  with  its  enclosure,  the  President  stated,  was  brought 
before  the  Council  Meeting  this  afternoon ;  and  it  was  there  de- 
cided that  as  an  Astronomical  Society  they  had  no  funds  whatever 
to  lay  out  on  such  matters  as  these.  If  any  Eellow  of  the  Society 
is  desirous  of  aiding  in  this  matter,  it  must  be  purely  as  an  indi- 
vidual; and  therefore  he  was  directed  to  read  the  letter  this 
evening  to  the  Fellows  at  large. 

Mr,  Stone  placed  upon  the  table  the  model  of  a  micrometer ;  and 
he  asked  the  Fellows  to  look  at  it  by-and-by,  and  to  offer  sugges- 
tions upon  it.  It  was  simply  a  compromise  between  the  German 
form  and  the  English  form. 

The  President.    If  I  understajid,  there  is  only  one  web  in  it. 

Mr.  Stone,  There  may  be  cross  wires.  There  are  two  parallel 
wires.    It  is  an  ordinary  reading  microscope. 

Mr,  Ndson  read  a  paper  by  Professor  Newcomb  on  the  varia- 
tions in  the  apparent  errors  of  the  Lunar  Tables  due  to  the  new 
term  in  the  motion  of  the  Moon  arising  from  the  action  of  Jupiter. 

Mr.  Neison  also  read  a  paper  on  the  correction  for  personality 
required  by  the  observations  of  the  Moon  made  with  the  Greenwich 
.  VOL.  in.  V 
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Transit-circle,  the  purpose  of  which  was  to  show  that  a  sort  of 
fictitious  increase  in  the  Moon's  errors,  amounting  to  over  i ",  had 
been  created  since  1870,  simply  by  the  change  of  observers  at 
Greenwich.  Mr.  Dunkin,  in  a  paper  read  to  the  Society  some  time 
back,  showed  that  there  was  a  personality  in  observing  the  limbs 
of  the  Moon  ;  and  Mr.  Neison  now  pointed  out  that  between  1870 
and  1875  three  observers  (Messrs.  Dunkin,  Ellis,  and  Carpenter), 
who  had,  on  the  whole,  a  negative  personality,  had  left  off  observ- 
ing, and  had  been  replaced  by  three  other  observers  (Messrs.  Lynn, 
Downing,  and  Thackeray),  all  of  whom  had  a  large  positive  per- 
sonality. The  effect  of  tWs  was  that  the  mean  personality  of  the 
four  observers  instead  of  remaining  sensibly  constant  had  changed 
from  a  negative  to  a  positive  quantity,  causing  a  fictitious  increase 
in  the  Moon's  errors.  Prof.  Newcomb  in  his  paper  points  out  that 
the  term  discovered  by  Mr.  Neison  would  account  for  some  of  the 
variations  in  the  Moon's  errors ;  and  Mr.  Neison  finds,  from  a  dis- 
cussion of  the  Greenwich  observations,  a  coefficient  2"*3i  for  this 
term,  which  is  almost  identical  with  that  found  from  theory. 

Mr,  Dunkin.  I  am  sorry  I  was  not  in  the  room  when  Mr.  Neison 
first  brought  forward  this  question ;  I  should  therefore  like  to  know, 
in  the  first  place,  and  for  the  information  of  the  Meeting,  at  what 
date  Mr.  Neison  commenced  these  comparisons. 

Mr,  Neison.    In  1863. 

Mr.  Dtmkin.  Because,  of  course,  it  would  be  vary  important 
and  valuable  if  he  could  have  gone  back  a  little  further,  and  have 
also  compared  the  personal  equations  of  former  observers,  and  I 
should  have  liked  personally  to  have  seen  what  results  the  old  ob- 
servations would  have  given.  Supposing  he  had  gone  back  to  the 
commencement  of  1^847,  when  the  altazimuth  was  &7it  erected,  then 
we  should  have  seen  distinctly  the  course  of  the  error  from  the  date 
of  the  construction  of  that  instrument ;  or  even  further  back  than 
that,  even  to  the  old  observers  before  my  time,  such  as  Mr.  Henry, 
Mr.  Ellis  senior,  and  Mr.  Eogerson ;  because  Hansen's  tables  are 
founded  upon  the  old  observations  at  Greenwich ;  and  I  should  like 
to  know  whether  tiie  large  personalities  which  we  have  here  exhibited 
existed  with  the  old  observers  as  well  as  with  the  modem  observers. 
Has  Mr.  Neison  tried  the  question  with  the  observers  from  1836  ? 

Mr.  Neison.    I  have  not  gone  beyond  1863. 

Mr.  Mar^.  The  Moon's  errors  for  those  old  observations  are 
calculated  from  Burckhardfs  tables. 

Mr.  Dunkin.  Still  we  might  get  some  relative  differences  from 
Burckhardfs  as  well  as  from  Hansen'iB  tables.  We  all  now  know  that 
there  are  very  great  personal  equations  in  observations  of  the 
Moon.  When  the  altazimutii  was  first  erected  in  1847,  nobody 
could  have  believed  that  there  would  have  been  so  much  di&rence 
between  the  observations  of  two  observers  as  was  found  between 
the  alternate  observations  of  the  two  first  observers  with  the  alta- 
zimuth. It  was  remarkable  to  see  from  day  to  day  the  up-and- 
down  motion  of  the  tabular  errors  as  given  by  these  two  ob- 
seryers.    It  was  then  considered  that  he  observed  most  correctly 
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whose  obseryations  agreed  with  those  of  the  old  observers  at  Green- 
wich, especiaUy  with  Mr.  Henry. 

Mr.  ifeiaon.  As  to  what  Mr.  Dunkin  has  suggested  about  a 
comparison  of  the  old  observers,  the  only  objection  that  I  have  is 
that  the  old  observations  are  compared  from  1847  with  Hansen's 
tables  upon  the  assumption  that  Burckhardt's  tables  and  Hansen's 
tables  might  be  fairly  compared  at  midnight,  and  the  observation 
might  be  trusted  to  hold  good  at  the  time  of  transit.  Unfortu- 
nately it  does  not  hold  good.  The  period  of  several  of  the  inequali- 
ties is  very  short,  only  two  or  three  days,  so  that  you  cannot  extend 
the  observations  beyond  1863  at  the  earliest.  The  result  I  have 
arrived  at  is  that  it  we  compare  the  observations  of  Mr.  Ellis  and 
Mr.  Thackeray  at  the  first  limb  we  shall  find  a  difference  amounting 
to  o*- 1 2,  nearly  2"  of  arc,  in  the  place  of  the  Moon.  And  if  we  take 
the  second  limb,  Mr.  EUis  and  Mr.  Thackeray  would  make  a  dif- 
ference amounting  to  more  than  3"  in  the  place  of  the  Moon. 
This  large  error  on  the  part  of  Mr.  Thackeray  rests  upon  very  few 
observations,  for  he  only  commenced  in  1875.  It  is  possible  when 
we  get  more  observations  this  result  will  diminish.  I  am  waiting 
till  I  get  the  result  of  the  years  1877  and  1878.  We  are  at  present 
dependent  on  observations  made  at  Washington  and  at  Greenwich, 
which  renders  it  more  diflScult  to  determine  any  variation  due  to 
personality  on  the  part  of  the  observers. 

Mr.  Dunkin.  As  I  mentioned  last  month,  10  years  ago  I  intro- 
duced a  paper  to  the  Society  on  the  personality  of  observing  the 
limbs  of  the  Moon,  which  of  course  referred  merely  to  the  first  four 
observers  on  the  list,  Mr.  Dunkin,  Mr.  Ellis,  Mr.  Criswick,  and  Mr. 
Oarpenter ;  and  the  amount  of  personalis  determined  in  that  paper 
agrees  very  nearly  with  that  given  by  1^.  Neison.  At  that  time 
Mr.  Lynn  was  not  observing,  and  Mr.  Downing  and  Mr.  Thackeray 
were  not  at  the  Observatory.  Mr.  Nelson's  deductions  are  very 
interesting ;  but  they  are  not  new,  because  we  have  all  known  for 
years  that  those  differences  in  the  method  of  observing  the  Moon's 
limbs  will  occur  between  different  observers.  Anybody  who  has 
been  observing  the  Moon  from  year  to  year,  as  we  are  accustomed 
to  do  at  Greenwich,  could  not  do  so  long  without  noticing  that 
there  are  tremendous  personalities  in  observing  the  limb  of  the 
Moon  as  it  passes  the  fixed  wires  in  the  telescope. 

Mr.  Ranyard  read  a  paper  from  the  Rev.  T.  W.  Wehh  on  a  new 
gaseous  nebula*. 

TTie  Presidmt,  I  may  add  to  the  information  contained  in  that 
paper  that  my  attention  was  drawn  to  this  nebula  by  Mr.  Eanyard, 
who  was  kind  enough  to  forward  to  me  a  portion  of  the  telegram 
which  he  had  received  from  Mr.  Webb,  thinking  that  it  was  a  new 
comet ;  and  on  ^camining  the  object,  I  was  able  to  identify  it  with 
the  Star  Bonn  Catalogue  Zone  +41^9  no.  4004. 

I  sent  out  a  circular  to  a  good  number  of  observers  in  this  country 
and  also  on  the  continent  about  it.    On  the  23rd  of  November 

*  This  10  the  nebulous  star  to  whioh  attention  was  drawn  in '  The  ObserTatory,* 
No.  31,  p.  257. 
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we  examined  its  spectrum  at  the  Obseryatorj  at  Don  Echt,  and 
it  was  seen  t6  be  approximately  monochromatic. 

This  observation  was  repeated  on  the  following  evening,  and  a 
short  tail  or  wisp  to  the  star  was  suspected. 

Tfie  President  read  two  letters  from  Prof.  Winnecke^  stating  that 
the  new  nebula  as  seen  with  the  6-inch  "  orbitnsweeper,"  power 
260,  looked  Hke  a  star  of  the  8th  magnitude ;  was  oblong  in  the 
direction  of  136°,  with  a  lucid  point  like  a  star  of  the  loth  or  nth 
magnitude,  the  greatest  diameter  being  5"' 5  and  the  least  4"* 9. 
The  nearest  star  which  he  could  see  in  the  bright  moonlight  was  of 
the  nth  magnitude,  distant  135",  position-angle  152°.  The 
spectrum  was  monochromatic,  crossed  by  a  long  hint  ray  to  be 
ascribed  probably  to  the  spectrum  of  a  small  nucleus. 

Mr,  Knott  read  a  note  on  the  same  subject. 

Mr,  Banyard,  Do  you  think  there  is  a  change  of  magnitude  ? 

Mr,  Knott.  Not  at  all.  I  gauged  the  magnitude  as  8*5  ;  that  was 
the  magnitude  given  by  Argelander,.and  I  should  think  there  was 
no  change. 

I  have  also  a  paper  which  relates  to  a  small  new  star  in  CanU 
Minor. 

The  President,  I  beg  to  supplement  the  remarks  of  Mr.  Knott 
on  this  paper.  Examined  with  the  spectroscope  the  star  showed  no 
peculiarity,  no  particular  part  predominated.  To  the  eye,  the 
colour  is  sensibly  a  faint  red  or  purple.  A  comparison  of  the 
brightness  from  Nov.  27  to  Dec.  8  indicated  a  decrease  of  half  a 
magnitude.  On  Dec.  10,  when  seen  under  very  favourable  circum- 
stances, the  star  appeared  about  as  bright  as  on  Nov.  27,  say  8-9  of 
Argelander's  scale. 

Mr,  Sadler,  Are  we  to  understand  that  this  star  is  not  in  Mr. 
Bumham's  catalogue  ? 

The  President,  It  is  supposed  to  be  a  new  star.  A  message 
was  sent  us^  so  far  as  I  recollect  it,  "  Discovered  last  night  a  new 
star  in  Canis  Minor.''  I  have  not  been  at  home  since  so  as  to  verify 
it. 

Mr,  Common  read  a  paper  on  a  series  of  observations  of  the 
satellites  of  Mars : — ^Deimos  was  seen  on  Sept.  21, 26,  Oct.  15,  21, 
Nov.  2,  5,  and  11,  and  Phobos  on  Nov.  2,  5,  11,  13,  and  15.  It 
has  been  a  matter  of  surprise  to  me  that  no  one  else  has  seen  the 
satellites  of  Mars^  because  when  I  had  an  excellent  opportunity 
of  comparing  them  with  Saturn's  satellites  on  Nov.  2, 1  considered 
that  Deimos  was  about  equal  to  Enceladus,  and  Phobos  was  a  little 
brighter  than  Tethys.  That  is  not  taking  into  consideration  the 
glare  of  the  planet  in  either  case.  The  light  was  quite  different 
from  that  of  the  satellites  of  Saturn,  it  was  sparkling  and  star-like. 
This  may  be  due  either  to  the  absence  of  any  apparent  disk  which 
one  always  fancies  one  sees  in  the  satellites  of  Saturn,  or  to  the 
contrast  with  the  brightness  of  Mars.  The  colour  of  Deimos  viras 
slightly  bluish ;  Phobos  was  quite  white.  On  the  2nd  of  November 
the  Moon  was  very  bright,  but  it  had  no  apparent  ill  effect  upon. 
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the  satellites ;  if  any  thing  it  seemed  an  advantage.  I  waa  very- 
careful,  with  reference  to  the  wish  expressed  by  Mr.  Webb,  to  look 
ont  for  a  third  satellite,  and  I  observed  a  great  many  stars  that 
were  near  to  the  planet  Mars  ;  but  they  all  moved  in  relation  to 
the  planet,  or  the  planet  moved  in  relation  to  them. 

Mr.  Christie  in  the  *  Observatory '  advised  the  use  of  a  dark 
glass,  covering  half  the  field  of  the  positive  eyepiece ;  and  I  had 
before  been  using  as  a  cover  to  the  planet,  while  observing  the 
satellite,  a  steel  disk  made  out  of  the  second's  hand  of  a  watch 
which  I  got  from  a  watchmaker's.  Mr.  Christie's  suggestion  in- 
duced me  to  do  away  with  the  steel  disk  and  substitute  a  very  small 
piece  of  dark  glass  which  I  had  prepared,  and  I  found  it  a  most 
useful  thing  when  observing  Saturn  or  Mars.  If  it  is  so  placed 
on  a  movable  arm  that  it  can  be  taken  away  or  brought  over  the 
intersections  of  the  cross  wires,  an  excellent  means  is  obtained  of 
gettiug  a  very  good  position-angle  of  a  small  satellite  near  a  bright 
planet  in  the  way  described  in  this  paper. 

I  have  also  a  note  on  Mimas  and  Hyperion.  Until  I  saw  Mimas 
with  a  36-in.  telescope  a  few  mouths  ago,  I  had  very  strong  doubts 
in  my  own  mind  whether  it  existed  at  all,  for  I  had  been  trying 
after  it  with  an  i8-in.  for  about  two  years.  Also  I  had  a  letter 
from  an  observer  who  was  observing  with  about  one  half  the  aperture, 
and  he  gave  me  the  times  when  he  saw  it,  always  at  elongation, 
exactly  at  the  time  which  Mr.  Marth  gives  in  his  ephemeris.  Now 
I  was  looking  for  it  at  the  time  of  elongation,  and  not  only  myself, 
but  a  friend  with  me,  but  we  never  saw  it.  I  happened  to  be 
observing  Saturn  on  Sept.  25,  at  9**  15",  and  to  my  surprise  when 
I  expected  Mimas  to  be  goingout  and  coming  to  elongation,  it  was 
found  to  be  approaching,  and  at  io*»  50"*  it  appeared  to  be  very 
much  closer.  I  could  not  find  it  after  lo*"  50".  I  saw  it  again 
on  many  occasions  and  got  four  reliable  observations.  I  have  seen 
the  satelUte  Mimas  when  according  to  the  ephemeris  it  should  not 
be  visible ;  and  I  have  no  hesitation  in  saying  that  the  ephemeris  is 
from  I  j|*»  to  2**  late.  I  had  some  observations  possibly  of  Hyperion; 
but  in  the  absence  of  an  ephemeris  or  any  information  from  any 
person,  I  must  say  **  perhaps  "  yet.  It  appears  that  on  Nov.  1 1 
it  was  seen  west,  and  on  Nov.  13th  and  15th  it  was  approaching 
superior  conjunction.  On  the  i8th  it  was  seen  just  above  superior 
coniunction ;  and  from  the  orbit  I  have  made  out  I  consider  it  very 
likely  indeed  to  be  Hyperion. 

Mr,  Marth.  I  should  be  extremely  glad  to  get  observations  which 
could  be  relied  on.  If  I  have  been  misled,  it  is  by  a  series  of  obser- 
vations made  by  several  observers.  For  the  period  I  used  Herschel's 
observations  of  1790  and  those  of  1864  made  by  myself.  I  know 
that  those  two  epochs  are  trustworthy,  and  at  present  I  do  not 
see  how  later  observations  can  be  reconciled  with  any  thing  like 
ordinary  regular  motion.  There  may  be  considerable  perturbations 
which  can  only  be  found  out  if  we  get  a  series  of  observations,  which 
I  have  begged  for  for  years  past,  so  that  I  really  am  quite  shy 
of  saying  any  thing  more  about  it ;  but  now,  as  Mr.  Common  has 
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made  some  observations,  perhaps  December  may  be  &Tourable  to 
his  obtaining  a  few  more,  and  it  maj  be  possible  to  give  next  jear 
predictions  more  trustworthy  than  those  which  I  haye  made  this 
year. 

The  President.  We  all  wish  to  echo  Mr.  Marth's  last  words,  that 
the  weather  may  be  fayonrable  for  Mr.  Common  to  prosecute  this 
valuable  study. 

Mr.  Marth.  I  should  wish  this  matter  to  be  decided, — ^whether 
the  sdktellites  of  Mars  can  be  seen  after  December  i6. 

Mr.  Sadler.  On  the  3  ist  of  November,  1877, 1  think  Mimas  was 
considerably  under  the  13th  magnitude. 

Mr.  Nelson.  In  1878,  while  I  was  with  Mr.  Campbell,  we  observed 
the  satellites  of  Saturn,  and  we  marked  it  down  as  a  satellite.  Mr. 
Campbell  and  myself  picked  it  up  perfectly  independently,  and  I 
came  to  the  concdusion  that  it  really  was  Mimas.  On  bringing  the 
observations  up  to  London,  I  met  Mr.  Marth,  and  told  hm  I  had 
seen  Mimas;  and  he  said,  '*It  is  very  doubtful;  your  observation 
is  an  hour  and  a  half  out ;  and  if  so,  it  cannot  possibly  be  the 
satellite  Mimas."  But  we  had  looked  at  it  repeatedly,  and  it  looked 
like  a  satellite  not  far  frcmi  tlie  ring.  Now  Mr.  Common  finds 
that  the  satellite  is  really  just  as  much  out  as  the  observationa 
which  were  made  a  year  and  a  half  previously  showed,  and  those 
observations  indicate  an  error  of  exactly  the  same  amount.  I  should 
come  to  the  conclusion  that  Mimas  is  not  such  a  difficult  object 
to  see  if  you  observe  it  with  a  perfectly  clear  atmosphere,  with  a 
telescope  of  considerable  excellence.  If  you  get  any  false  light,  or 
any  haze,  there  is  not  the  slightest  doubt  that  it  will  blot  the  satel- 
lite out  entirely  ;  but  when  we  consider  that  it  was  seen  with  Sir 
W.  Herschers  telescope,  there  is  no  doubt  that  any  thing  that  could 
be  seen  with  that  telescope  could  be  seen  in  a  modem  9-in.  or 
lo-in.  instrument. 

Mr.  Common.  Will  you  kindly  mark  upon  the  black-board  a 
sketch  of  Saturn,  and  where  you  saw  the  satellite  Mimas  ? 

Mr.  Neison.  It  is  drawing  much  upon  my  recollection  of  a  year 
and  a  half  ago ;  but  I  will  try  it.  (Mr.  Neison  drew  a  skeUh  of 
Saturn  and  the  satellite  on  the  black-board.) 

Mr.  Marth.  This  observation  was  made  in  1878 ;  and,  as  it 
happened,  several  other  observations  show  that  at  that  time  my 
ephemeris  is  out  only  8^,  which  amounts  to  less  than  half  an  hour, 
and  now  it  is  out  more  thau  30°.  This  might  be  due  to  a  mistake 
in  the  date ;  but  unfortunately  I  cannot  ^nd  any  mistake.  The 
motion  of  Mimas  is  something  like  382°  every  day. 

Mr.  Sadler.  It  has  been  seen  at  Borne  with  the  6*3-in. ;  and  it 
has  been  seen  at  Madras  with  a  very  inferior  telescope  of  6'4-in. 

Mr.  Marth.  The  statement  that  it  has  been  seen  must  be  re- 
ceived uith  very  great  caution.  There  has  been  a  series  of  obser- 
vations by  perfectly  trustworthy  observers  ;  but  it  is  impossible  to 
reconcile  them  with  any  kind  of  mean  motion.  I  strongly  re- 
commend all  observers  to  look  very  sharply  to  see  whether  there  is 


Digitized  by 


Google 


1880.]  the  Royal  Aitronamical  Society.  265 

not  some  other  body  in  the  neighbourhood  which  creates  i^U  thif 
difficulty.  But  as  regards  the  mere  statement  that  it  has  been  ob" 
serYod — ^well,  I  confess  I  question  it ;  and  until  computation  shows 
that  those  obserrations  can  be  reconciled  in  some  way  or  other, 
we  ought  to  be  yery  cautious  in  acceptmg  the  statement  that  it  has 
been  seen. 

Mr,  CcmpheU.  I  may  say  that  on  the  occasion  to  which  Mr. 
Neison  alludes,  we  neither  of  us  expected  to  see  Mimas,  and  we 
both  perfectly  independently  put  it  on  paper,  although  not  quite 
in  the  same  position  in  which  Mr.  Keison  has  put  it  on  the  black- 
board, as  well  as  I  recollect ;  but  he  himself  saw  it,  as  I  did>  a  little 
higher  and  a  little  nearer  to  the  ring.  We  both  of  us  put  a  star  or 
a  body  of  some  sort  near  the  ring.  I  myself  did  not  beHeve  that  the 
telescope  could  show  it,  and  I  am  not  at  all  convinced  that  it  did. 

Mr,  Marih,  Will  observers  of  Mimas  kindly  try,  under  any  cir- 
eomstances,  to  give  two  diagrams,  the  second  being  made  an  hour 
later,  in  order  to  show  clearly  that  this  body  has  moved  as  it  ought 
to  move.  I  have  regularly  for  the  last  three  years  given  the 
ehange  of  relative  position  which  a  star  ought  to  undergo. 

Mr.  Common.  This  is  rath^  an  important  question  touching  the 
credibility  of  observers.  I  quite  agree  with  a  gentleman  who  wrote 
lately  that  astronomers  are  very  loose  in  their  description  of  astro- 
nomical phenomena ;  but  what  I  was  about  to  remark  is  this,  that 
in  1878  the  ring  was  not  open  nearly  so  wide  as  it  now  appears. 
I  have  observed  Mimas  several  times  and  tried  to  follow  it  up  to 
eonjunction,  but  I  have  never  been  able  to  get  beyond  a  certain 
point.  When  1  tell  you  that  with  an  i8-in.  I  never  had  a  real 
observation  of  Mimas  in  my  life,  although  I  find  undoubted  obser- 
vations of  the  satellites  of  IJranus,  which  I  do  not  think  any  6-in. 
telescope  has  yet  touched,  I  have  the  strongest  reason  for  agreeing 
with  Mr.  Marth,  and  for  saying  that  no  6-in.  telescope  will  show 
Mimas. 

The  President.  I  wish  to  add  something  to  the  paper  on  the 
satellites  of  Mars.  I  have  a  few  observations  here  which  we  have 
been  fortunate  enough  to  get  at  Dun  Echt,  and  amongst  others  two 
on  Nov.  T  7th.  The  first  two  observations  in  the  paper  are  probably 
vitiated  from  the  fact  that  Deimos  was  passing  very  close  to  a  star 
equal  to  itself  in  brightness. 

I  tried  a  dark  disk  in  the  eyepiece,  but  I  found  that  it  was  not 
80  satisfactory  aa  making  a  very  contracted  aperture  in  the  eye- 
piece. I  found  also  that  you  could  save  yourself  trouble  at  any 
time  by  merely  looking  up  in  the  observatory  with  the  shutter  open 
and  arranging  yourself  on  the  floor  so  that  Mars  was  just  behind 
the  shutter.  If  with  the  naked  eye  there  was  the  slightest  trace 
by  which  you  could  recognize  the  presence  of  the  planet  in  the  sky 
when  just  behind  the  shutter-opening,  it  was  of  no  use  looking  for 
the  satellite. 

Mr,  Christie.  May  I  explain  that  the  suggestion  as  to  the  use  of 
a  dark  glass  to  diminish  the  glare  of  the  planet  is  not  my  own  ? 
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It  was  used  in  the  obserrations  of  1877  at  Harvard  College  Obser- 
vatory. 

Mr.  Common,  If  your  lordship  will  allow  me  I  will  add  a  sug- 
gestion from  my  paper  that  three  parallel  webs  should  be  used  in 
the  micrometer,  the  satelKte  being  bisected  by  the  middle  one,  and 
the  two  outer  being  made  to  cut  off  equal  segments  from  the 
planet. 

Mr,  Christie,  I  may  mention  with  regard  to  Mr.  Common's 
suggestion  of  three  wires,  that  that  system  has  been  in  use  at 
Greenwich  for  some  little  time,  and  I  can  speak  from  experience 
that  it  is  very  successful. 

The  President,  I  have  it  also  in  a  micrometer  made  for  me  about 
eight  or  nine  years  ago. 

The  President  then  read  a  note  on  the  spectrum  of  the  red  spot 
on  Jupiter. 

Mr,  Christie,  I  may  mention  that  Mr.  Maunder  examined  t^ie 
spot  on  Jupiter,  but  he  was  not  able  to  detect  any  thing  peculiar 
about  it,  beyond  the  obscuration  of  the  whole  spectrum. 

Captain  Noble,  With  reference  to  some  of  the  discrepancies 
or  disagreements  which  have  appeared  as  to  the  colour  which  has 
been  ascribed  to  this  spot,  I  have  myself  noticed  since  our  last 
meeting,  on  one  or  two  occasions,  that  it  is  very  much  brighter  and 
more  scarlet  in  the  twilight  than  it  is  as  the  evening  gets  on,  when 
the  spot  very  perceptibly  darkens  in  character,  and  becomes  more  of 
a  maroon  colour. 

The  President,  Perhaps  Mr.  Christie  will  some  time  try  a  spee- 
trum  of  the  third  satellite  of  Jupiter  and  see  if  he  gets  any  results. 

Mr,  Christie,  I  shall  be  happy  to  try  it. 

Mr,  Banyard  read  a  letter  from  Father  Perry  dated  Dec.  9th : — 
"  The  egress  of  Jupiter's  first  satellite  was  observed  last  night. 
The  first  satellite  is  not  so  variable  as  the  third  and  fourth ;  bat 
last  night,  for  more  than  three  quarters  of  an  hour  between  the 
time  it  left  the  disk  and  the  setting  of  the  planet,  it  was  only 
visible  by  glimpses,  although  the  other  satellites  were  clearly  visible.'* 

Mr,  Sadler,  Spots  had  been  seen  on  all  the  satellites  of  Jupiter 
by  Father  Secchi. 

Mr,  Common,  It  was  pointed  out  to  me  by  Mr.  Knobel  that  the 
first  satellite  was  very  much  fainter  than  the  second,  which  is  close 
by.  Perhaps  the  photograph  may  throw  a  little  light  upon  that, 
so  far  as  regards  measuring  the  actinic  power  of  light,  as  it  shows 
the  first  satellite  is  very  much  fainter  than  the  second  or  the  third. 

Mr,  Banyard,  As  far  as  I  remember,  Zollner  showed  that  the 
reflecting  power  of  different  parts  of  the  satellites  varied  very- 
much,  and  at  different  parts  of  their  orbit  they  varied  greatly  in 
brighhiess. 

Mr,  Downiiig  stated  that  he  had  examined  his  comparison  of  the 
N.P.D.'s  of  the  Cape  and  Greenwich  Catalogues  for  i860  to  see 
whether  he  could  detect  any  discordance  in  the  Greenwich  places 
depending  on  £.A.  analogous  to  that  which  Mr.  Stone  had  deuced 
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from  his  comparison  of  the  Cape  Catalogue  for  1880  with  the  *  Nau- 
tical Almanack.'  For  this  purpose  he  had  arranged  in  order  of  K.A. 
the  stars  used  in  the  comparison,  which  are  situated  between 
N.P.D.  110°  and  the  horizon  of  Greenwich,  as  it  is  reasonable  to 
suppose  that,  for  these  stars,  any  effect  that  can  be  traced  to  refrac- 
tion depends  on  the  Greenwich  rather  than  the  Cape  observations. 
The  quantity  _o"'i8  was  applied  to  the  Greenwich  place  of  every 
star  used,  to  allow  for  systematic  difference  between  tne  catalogues* 
The  result  then  is  : — 

EJL o^-6»»       6^-12^       i2»'-i8^       18^-24^ 

Corr.  to  Greenwich     — o"'io     — o"*o4     -fo"*26      — o"*ii 

The  only  one  of  these  corrections  worth  attention  is  probably 
that  for  1 2^-1 8^ ;  and  if  this  may  be  assumed  to  be  due  to  refraction, 
it  appears  to  show  that  the  refractions  used  at  Greenwich  are  too 
small  for  the  observations  made  during  May,  June,  and  July.  This 
is,  in  fact,  a  partial  corroboration  of  Mr.  Stone's  result,  but  makes 
it  appear  probable  that  part  of  the  discordance  which  he  has  ex- 
hibited is  due  to  the  Greenwich  observations.  The  correction  for 
i2**-i8**  given  above  is  confirmed  by  the  comparison  of  the  Cape 
and  Melboume^  places  between  the  same  limits  of  B.  A.  and  N.P.D., 
as,  when  the  systematic  difference  between  the  catalogues  is  allowed 
for,  it  is  found  that  the  correction  to  the  Cape  is  only  —  o"*oi. 

Mr.  Stone.  That  appears  to  be  very  much  the  same  kind  of  re- 
sult that  I  got  from  a  comparison  of  the  others.  It  is  a  miscon- 
ception to  suppose  I  stated  that  those  errors  arose  entirely  from 
the  Cape.  All  I  stated  was  that  there  was  a  slight  difference 
between  the  Cape  and  the  '  Nautical  Almanack ;'  and  it  proved  that 
the  refraction  tables  do  not  correct  the  effect  of  change  of  seasons. 
I  am  not  going  to  say  any  thing  against  the  Melbourne  observations ; 
but  there  appears  to  have  been  a  doubt  whether  the.  comparison  that 
I  made  some  years  ago  is  trustworthy  or  not.  Without  saying 
whether  it  is  trustworthy  or  not,  I  will  say  that  if  not  trustworthy, 
you  cannot  trust  the  Melbourne  results,  because  those  observations 
are  corrected  from  that  very  paper.  The  results  would,  not  agree 
at  all  with  those  of  the  Greenwich  observations  unless  that  cor- 
rection had  been  applied  which  had  been  got  from  my  paper.  So  that 
the  Melbourne  observations  have  been  compared  with  the  Greenwich 
ones.  A  correction  was  got  by  me  to  render  them  generally  in 
harmony ;  and  that  correction  was  applied,  after  consideration,  by 
the  Melbourne  people,  to  their  general  results  ;  and  the  results  that 
appeared  in  the  catalogue  are  those  corrected  results.  So  that  when 
you  come  to  nice  points  of  comparison,  it  is  to  be  remembered  that 
they  have  been,  to  a  very  large  extent  indeed,  already  made  to  agree 
with  the  results  of  Greenwich  and  the  northern  observatories.  As 
soon  as  the  Cape  Catalogue  was  made,  I  compared  it  with  the 
Greenwich  i860  Catalogue ;  and  if  anyone  will  refer  to  the  Intro- 
duction to  the  Catalogue,  he  will  see  that  I  have  there  discussed 
the  refraction  tables,  but  did  not  correct  them  from  the  Cape  obser- 


Digitized  by 


Google 


368  Proceedings  at  Meeting  of  [No.  88. 

vations ;  beoanse,  on  the  whole,  comparing  them  with  Greenwich, 
it  appears  to  me  that  they  do  not  require  any  very  large  correction, 
and  I  feared  to  trust  the  result  dbove  and  below  pole. 

Mr.  Downing.  In  my  comparison  of  the  Gape  and  the  Melbourne 
Oataloguesi  I  have  shown  that,  near  the  horizon  of  Melbourne,  the 
Melbourne  N.P.D.'8  are  considerably  in  error,  so  that,  as  a  matter 
of  fact,  it  appears  that  the  refractions  used  at  Melbourne  are  not 
OOTrect,  and  do  not  make  the  Catalogue  phuses  agree  with  nortiiem 
observations.  With  regard  to  this  comparison  which  I  have  brought 
forward  to-night  I  only  used  the  stars  within  15°  of  the  zenith  of 
the  Cape  and  within  20°,  I  suppose,  of  the  zenitti  of  Melbourne, 
so  that  an  error  in  the  refraction  used  in  the  reduction  of  the 
observations  at  Melbourne  will  not  materially  affect  the  result. 

Mr,  Marth,  I  should  like  to  make  an  appeal  to  Mr.  Stone. 
Would  he  be  kind  enough  to  publish  the  computations  which  are 
tiie  foundation  of  the  whole  investiga|tions,  in  order  that  the  dif- 
ferences may  be  reconciled,  so  a«  to  give  something  of  the  details 
by  which  he  has  arrived  at  his  general  results  ? 

Mr.  Stone.  So  far  as  I  am  concerned,  I  can  explain  what  waa 
the  state  of  the  case.  At  that  time  the  refractions  were  computed 
down  to  Z.D.  82^  with  one  set  of  refraction  tables.  From  82^  to 
85°  the  re&actions  were  reduced  in  a  certain  proportion,  and  below 
85*^  they  were  again  reduced.  I  must  confess  thkt  I  consider  such 
a  proceeding  most  unsatisfactory.  I  did  not  care  about  very  small 
quantities  ;  but  we  had  got  here  rather  hurge  quantities.  JBessel, 
in  his  refraction  tables*  has  got  two  disposable  constants,  and  he 
uses  up  one  of  these  by  making  the  refractioDs  near  the  horizon 
agree  pretty  well  with  the  observations ;  and  the  other  one  is  after- 
wards used  up  by  making  the  mean  refractions  agree.  Now  if  it 
turns  out  tiiat  his  refractions  agree  pretty  w^  up  to  about  Z.  D. 
82^  and  that  they  then  require  an  alteration  in  the  mean  refraction, 
and  another  alteration  beyond  Z.D.  85^,  then  I  say  that  his  assump- 
tion is  altogether  iUegitimate,  and  he  has  not  found  a  continuous 
chain  throughout.  1  know  the  difficulties  in  the  matter ;  but  I  am 
satisfied  of  this,  that  if  the  Greenwich  circle  will  not  give  yon  ob- 
servations sufficiently  accurate  to  determine  the  refractions  from* 
then  you  cannot  expect  to  get  better  results  by  comparing  obser* 
rations  with  that  circle  with  those  made  by  another.  If  the 
comparisons  above  and  below  the  Pole  will  not  give  you  satisfactory 
results,  I  hardly  know  what  to  say.  Bessel's  refraction  tables 
themselves  were  based  upon  observations  of  the  same  kmd ;  and 
I  am  not  prepared  to  admit  ihat  the  observations  I  used  are  worse 
than  those  he  used.  I  have  compared  them  since,  and  they  give 
that  refraction  again ;  and  Mr.  Christie  has  also  compared  them. 

Again  the  latitude  is  mixed  up  with  the  results,  and  it  depends 
largely  upon  the  refraction  tables  used.  Then  there  are  a  certain 
number  of  small  systematic  errors  in  every  circle  that  I  know 
of.  You  may  look  through  the  results,  and  whenever  you  get  the 
meuis  of  fairly  checking  them,  you  will  find  them  out.     The 
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WafihingioQ  observationB  are  supposed  to  be  good,  but  certainly 
there  are  distinct  indications  of  systematic  errors  in  them.  The 
Greenwich  observations  I  belieye  to  be  thoroughly  good,  but  there 
are  indications  of  systematic  errors  in  them ;  and  although  I  did 
every  thing  I  could  to  avoid  systematic  errors  at  the  Cape,  I  know 
tiiat  I  have  got  them.  If  you  confine  your  attention,  in  trying  to 
get  corrections  to  the  refraction  tables,  to  an  arc,  throughout 
which  the  refractions  do  not  become  very  large,  any  systematic 
error  cropping  out  at  the  important  points  is  lu:ely  to  give  rise  to 
veiT  unsatisfactory  results.  If  you  compare  the  observations  above 
and  below  the  pole  for  some  years  you  will  find  that  they  are  not 
to  be  reconciled  with  each  other,  except  by  something  like  a  diminu- 
tion of  refraction.  With  regard  to  my  Cape  observations,  I  think 
when  my  catalogue  is  published  it  will  be  seen  that  the  Cape  obser- 
vations give  a  basis  for  determinuig  the  refractions.  Mr.  Downing 
compared  them  with  the  Washington  observations,  and  he  deduced 
a  diminution  of  refractions.  I  certainly  do  not  think  it  necessary 
to  republish  the  paper  I  have  spoken  of,  because  anybody  can 
verify  it  in  a  very  few  hours. 

Mr.  Christie.  The  same  desire  occurred  to  me  as  to  Mr.  Marth 
to  see  the  work  of  Mr.  Stone's  paper ;  but  I  have  since  gone  through 
it,  and  treating  it  in  a  slightly  ditterent  way  I  have  got  substantiaUy 
the  same  results.  So  that  I  think  there  can  be  no  doubt  that  from 
the  observations  of  these  particular  years  above  and  below  the  pole 
you  must  get  the  same  result.  Of  course  the  question  arises  whether 
the  certainty  of  the  observations  is  sufficient  to  justify  us  in  assuming 
a  change  in  the  refractions ;  that  is  quite  another  point ;  and  on 
that  point  I  think  I  am  rather  at  issue  with  Mr.  Stone,  because 
during  these  years  I  find  that  the  observations  of  the  Sun  which  give, 
in  fact,  the  position  of  the  equator  show  that  the  change  of  the 
refractions  ought  to  be  in  the  opposite  direction :  and  if  you  diminish 
the  refractions  imd  diminish  the  co-latitude  you  will  throw  the 
position  of  the  equator  very  much  out,  as  much  as  a  second  of  arc. 
We  have  not  only  to  reconcile  the  observations  north  of  the  zenith, 
but  the  observations  south.  These  things  get  mixed  up  with  the 
latitude  and  various  things  of  that  kind ;  and  it  is  very  difficult  to 
settle  any  thing  positively  when  you  are  dealing  with  small  quan- 
tities, because  there  are  systematic  errors  coming  in,  as  Mr.  Stone 
has  just  pointed  out.  I  have  reason  to  think  that  the  systematic 
errors  of  large  circles  are  very  much  larger  than  most  observers 
suppose. 

Mr,  Marth,  I  am  very  glad  that  this  subject  will  be  considered. 
When  Bessel  undertook  the  reduction  of  the  Greenwich  observations 
he  had  such  boundless  admiration  for  Bradley  that  be  took  them  all 
for  granted.  He  had  at  that  time  never  made  an  observation  him- 
self. It  appeared  to  him  that  the  refractions  near  the  horizon  were 
too  large  ;  and  when  he  came  to  make  an  observation  himself  he 
came  to  the  conclusion  that  any  thing  beyond  85°  would  not  be  a 
strict  investigation.    If  Mr.  Stone  will  republish  his  paper  and 
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show  us  wliat  is  the  foundation  of  his  investigation  I  shall  take 
the  liberty  of  discussing  it. 

Mr,  Stone,  Tou  have  not  quite  caught  my  point.  I  quite 
admit  that  Bessel  gives  up  his  refraction  tables  below  85°,  but  he 
should  not  have  done  that  after  he  had  used  up  one  of  his  constants 
in  reconciling  the  observations  near  the  horizon.  If  his  theory  will 
not  carry  him  to  Z,I>.  85°  it  will  not  carry  him  to  the  horizon. 

On -the  motion  of  Admiral  Sir  Erasmus  Ommaney,  seconded  by 
Mr.  Stone,  Mr.  Lecky,  Mr.  J.  Campbell,  and  Mr.  Sidney  Waters 
were  elected  Auditors. 

The  following  papers  were  announced : — 

JB.  L,  J.  Ellery.  Occultation  of  64  Aquarii  by  Jupiter  observed 
at  the  Melbourne  Observatory. 

B.  H.  M.  Bosanquet  and  Prof  A.  H,  Sayee.  The  Babylonian 
Astronomy. — No.  2. 

S.  W,  Bumham^     New  Double  Stars. 

A.  de  Oasparis.  Sur  la  variation  du  demi  grand'axe  des  orbites 
planetaires. 

Bev,  S.  J.  Perry,  Occultation  of  Stars  by  the  Moon  and  pheno- 
mena of  Jupiter's  Satellites  observed  at  the  Stonyhurst  Observatory. 

Bev.  S.  J.  Perry.    The  November  Meteors. 

W,  T.  Lynn,  On  recent  changes  in  the  mean  Error  of  Longitude 
of  Hansen's  Lunar  Tables. 

Lord  Li'ndsay,  Note  on  General  Catalogue  (supplement)  No.  6000. 

A,  Marth,  Ephemeris  for  finding  the  positions  of  the  Satellites 
of  Uranus,  1880. 

The  Meeting  adjourned  at  ten  o'clock. 

Observations  of  the  Satellites  of  Mars  at  Princeton,  U,  S, 
It  may  be  of  interest  to  note  that  both  satellites  of  Mars  have 
been  repeatedly  seen  here  during  the  late  opposition  with  our  9^- 
inch  Yanssian  objective  (by  Clark). 

I  have  never  myself  been  able  to  see  either  of  them  steadily  ex- 
cept by  hiding  the  planet  behind  an  occulting-bar  in  the  field  of  the 
eyepiece ;  but  my  coUeague,  Professor  Brackett,  whose  eyes  are 
litter  than  mine,  on  Nov.  loth  saw  them  both  perfectly  in  the 
presence  of  the  planet. 

On  Nov.  1 5  I  succeeded,  more  as  a  matter  of  curiosity  than  any 
thing  else,  in  getting  a  small  series  of  micrometer  measures  of 
Deimos,  both  in  position  and  distance.  This  was  done  by  setting 
one  wire  on  the  planet,  then  moving  the  eyepiece  (which  is  carried 
by  a  slide)  until  a  little  piece  of  paper  gummed  to  the  field-lens 
hid  the  d^sk,  and  finally  setting  the  other  wire  upon  the  satellite, 
making  the  wire  visible  by  occasional  faint  flashes  of  light  into 
the  field.  Prof.  Hall  informs  me  that  the  measures  agree  with 
those  made  at  Washington  the  same  night,  within  i"  or  2"  in  dis- 
tance and  about  i^  in  position. 
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The  record  of  obseryations  stands  as  follows,  the  distances  and 
positions  being  mere  estimates,  except  on  Nov.  15,  when  they  were 
measored,  as  stated  above. 

Oct.  20,  10**  to  12**  Washington  M.  T.  Deimos  near  western 
elongation ;  watched  long  enough  to  identify  it  as  a  satellite 
by  its  motion  with  reference  to  neighbouring  stars.  Seen  both 
by  myself  and  assistant,  Mr.  M*NeiU :  power  400. 

Oct.  25,  io*»  50"  W.  M.  T.    Deimos,  pos.  240°,  d.  50" 

Nov. 
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(seen  only 
by  glimpses,  but  unquestionably.    Moonlight  troublesome). 

Deimos  has  always  been  found  very  near  the  position  given  by 
Marth's  ephemeris  based  on  Hall's  elements  of  1B77. 

Phobos  is  some  three  quarters  of  an  hour  ahead  of  the  ephemeris 
place. 

Both  are  decidedly  more  easy  to  see  than  Mimas,  which  is  about 
the  minimum  visible  for  my  eye  with  this  instrument.  I  have  seen 
Mimas  only  twice  this  season,  once  on  Oct.  25  at  9.40  W.  M.  T., 
when  it  was  near  its  eastern  elongation,  nearly  in  line  with 
Tethys  and  Dione,  Enceladus  at  ihe  same  time  being  at  western 
elongation. 

The  other  time  was  on  Nov.  to  at  9.30,  when  it  was  at  eastern 
elongation  again.  On  this  occasion  Professor  Brackett  saw  it 
steadily  and  distinctly.  I  saw  it  myself  on  both  occasions  only  by 
glimpses.  C.  A.  Young. 

Prinoeton,  New  Jersey,  U.  S.  A. 
Nov.  22,  1879. 


Note  on  the  b  Lines  in  the  Solar  Spectrum. 

Ov  examining  this  group  on  October  3rd  with  the  extreme  dis- 
persion produced  by  a  Eutherfurd  grating  of  17280  lines  to  the 
mch  in  the  spectrum  of  the  4th  order,  I  found  that  both  h^  and  h^  are 
double  lines,  the  distance  between  the  components  being  about  ^ 
of  one  of  the  divisions  of  Angstrom's  scale  in  each  case,  though  6, 
is  a  little  easier  to  divide  than  6^.  The  line  at  5207-4  on  Ang- 
strom's map  is  also  double.     The  interest  of  the  observation  lies  in 
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the  fact  that  all  three  of  these  lines  are  '^  basic,"  «.  e.,  are  shown 
upon  the  map  as  common  to  the  spectra  of  two  or  more  substances. 
h  is  given  as  common  to  the  spectra  of  Fe  and  Mg,  h^  to  Fe  and 
Ni,  and  5207*4  to  Fe  and  Gr.  The  solar  specta-um  needs  to  be  re* 
mapped  with  higher  dispersive  power  than  ever  used  hitherto. 

Princeton,  N.  J.  C.  A.  YOUKO. 

Nov.  20,  1879. 

Utitization  of  Tidal  Action  *. 
Theee  is  good  reason  for  the  hope  that  the  day  is  still  far  distant 
when  the  supplies  of  coal,  upon  which  the  commercial  supremacy 
of  England  has  so  largely  depended,  will  begin  to  fail.  Such  a 
contingency  is,  however,  one  the  possibility  of  which  must  be  con- 
templated, while  its  ultimate  certainty  may  be  affirmed.  At 
present  we  see  no  signs  of  any  steady  increase  in  the  price  of  coal 
owing  to  any  failure  of  its  supply  as  compared  with  the  demand 
for  it ;  but  long  before  the  exhaustion  of  our  coal-beds  shall  take 
place  we  may  look  forward  to  a  greatly  increased  cost  in  its  pro- 
duction, from  its  having  to  be  raised  from  greater  and  greater 
depths  below  the  surface  of  the  earth ;  and  under  such  circum- 
stances a  very  moderate  increase  in  the  demand  for  it  would  have 
a  very  great  effect  in  augmenting  its  selling  price.  We  have  only 
to  look  back  to  the  price  at  which  coal  was  sold  some  4  or  5  years 
since  (a  price  nearly  double  that  at  present  existing)  in  order  to 
see  how  soon  any  scarcity  in  its  production,  or  the  exhaustion  of 
the  seams  at  present  most  ayailable,  might  raise  its  value. 

Nor  is  it  likely  (as  in  the  case  of  wheat  and  other  edible  pro- 
ducts of  the  earth,  which  are  far  less  bulky  in  proportion  to  tneir 
value)  that  imported  coal  could  (except  to  a  limited  extent  in 
domestic  consumption)  take  the  place  of  that  which  is  at  present 
obtained  in  our  manufacturing  districts.  In  fact,  even  within  the 
Kmitfl  of  our  own  country,  the  carriage  of  coal  so  much  enhances 
the  value  of  the  products  manufactured  by  its  agency,  that  it  is 
found  that  the  manufactures  must  go  to  the  coal,  and  not  the  coal 
to  the  manufactures. 

It  therefore  becomes  important  to  consider  what  moving-power 
may,  in  course  of  time,  be  substituted  for  that  which  we  at  present 
obtain  from  coal ;  and  it  appears  to  be  the  duty  of  men  of  science^ 
as  far  as  possible,  to  bring  down  to  the  grasp  of  the  practical  me* 
chanician  those  forces  which  are  at  present  unused  or  very  little 
used,  but  whidi  Nature  has  provided  with  almost  lavish  profusion. 

It  may  probably  be  the  case  that  before  very  long  electricity  may 
be  largely  used  as  a  prime  mover.  It  seems  that  this  use  of  it 
may  very  likely  be  much  mote  ext^isive  than  its  use  for  purposes 
of  illumination,  however  successful  the  various  forms  of  electric 
lighting  may  ultimately  prove  to  be. 

But  it  also  ^pears  that  great  motive  power  will  be  required  for 
the  generation  of  the  electricity  in  question, 

*  From  a  Lecture  delivered  at  Q^re«ham  College  in  November  1878. 
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Once  generated,  its  conduction  to  any  particular  point  of  appli- 
cation may  be  a  much  easier  matter. 

The  utilization  of  the  energy  of  the  Falls  of  Niagara  has  been 
suggested  as  a  means  for  the  generation  of  electricity,  which  may 
thence  be  conducted  so  as  to  work  erery  madiine  in  the  United 
States  and  Canada. 

So  in  like  manner  the  machinery  of  South  America  may  be  sup- 
'  plied  from  the  great  falls  (little  known,  but  well  deserving  to  bo 
<!onsidered  rivals  of  Niagara)  on  the  Potaro  in  British  Guiana, 
which  are  said  to  be  822  feet  in  height  and  369  in  breadth,  with 
a  depth  of  water  varying  from  15  feet  in  the  dry  season,  to  20  feet 
in  the  wet  season. 

In  England  we  have  none  of  these  vast  supplies  of  energy ;  but 
we  have,  in  common  with  other  countries,  a  supply  the  importance 
of  which  can  hardly  be  over-estimated.  It  may  well  form  a  part 
of  the  office  of  the  astronomer,  and  of  the  subject-matter  of  an 
astronomical  lecture,  to  urge  upon  the  public  the  value  of  that  tidal 
energy  which  we  owe  partly  to  the  Sun,  but  in  more  than  double 
as  great  a  degree  to  the  Moon.  Apart  from  the  tidal  movements 
of  our  rivers,  we  have  an  amount  of  tidal  energy  along  the  whole 
extent  of  our  sea-coasts  in  which  we  may,  as  has  been  the  case  in 
connection  with  very  different  matters  in  the  past,  once  again  find 
that  an  insular  position  is  superior  to  a  continental  one. 

The  adaptation  of  tidal  energy  to  the  production  of  mechanical 
power  may  well  be  left  to  the  practical  engineer.  Astronomical 
theory  will,  however,  take  its  pwt  in  enabling  the  hour  and  minute 
of  high  water,  and  the  occurrence  of  excentionally  high  and  low 
tides,  so  far  as  they  depend  on  the  places  of  the  Moon  and  of  the 
Sun,  and  the  positions  of  their  perigee  and  apogee,  and  the  incli- 
nation of  the  lunar  orbit,  to  be  accurately  predicted.  If  mechanical 
arrangements  be  made  for  the  utilization  of  tidal  energy,  the 
accuracy  of  such  prediction  may  become  increasingly  important. 

It  will  very  likely  be  found  by  the  employment  of  suitable 
machinery,  capable  of  a  simple  reversal  of  action,  that  both  the  ebb 
and  flow  and  the  rise  and  fall  of  the  tides  may  be  continuously 
employed. 

Electricity  may  doubtless  be  in  this  way  generated  to  an  almost 
unlimited  extent,  and  distributed  by  conductors,  as  has  been  sug- 
gested in  the  case  of  such  sources  of  power  as  the  Palls  of  Niagara. 

But  it  appears  to  me  that  a  simpler  and  probably  more  practical 
Implication  of  the  power  which  Uie  Sun  and  Moon  bring  to  our 
doors  may  be  found  in  its  employment  for  the  compression  of  air 
into  large  reservoirs,  from  which  it  may  then  be  distributed  to  great 
distances  at  veiy  little  expense  beyond  the  first  laying  of  the  neces^ 
sary  pipes. 

It  IS  well  known  that  the  machines  used  in  the  great  St.  Gothard 
Tunnel  are  worked  by  air  compressed  by  water  power  outside  the 
ends  of  the  tunnel.  I  have  myself  witnessed  the  working  of  ex- 
actly similar  boring-machines  in  a  mine  in  Yorkshire,  by  means  of 
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air  compressed  by  a  small  waterfall  near  to  the  entrance  of  the 
mine. 

A  great  advantage  connected  with  such  an  employment  of  com- 
pressed air  is  that  it  affords  a  constant  escape  of  pure  fresh  air 
from  the  cylinders  of  the  machines  which  are  worked  by  it.  This 
may  be  of  no  small  moment  not  only  in  mines  but  in  many  manu- 
factories. Again,  compressed  air  has  the  further  advantage  that  it 
may  be  easily  transported  in  suitable  receptacles.  We  can  hardly  . 
conceive  that  electricity  generated  by  a  waterfall,  if  transmitted  to 
a  railway  terminus,  could  be  carried  on  a  locomotive  from  one 
end  of  a  journey  to  another ;  but  we  can  easily  see  that  in  place 
of  the  boiler  of  the  locomotive  a  cylinder,  or  cylinders,  full  of 
compressed  air  sufficient  for  a  moderate  length  of  journey  may  be 
carried  by  it.  It  may,  however,  be  the  case  that  air  compressed  by 
tidal  action  will  never  supersede  steam  generated  by  the  consump- 
tion of  coal  on  our  railways ;  but  the  day  may  not  be  far  distant 
when  it  will  be  employed  to  drive  the  machinery  of  our  large 
factories  and  for  many  domestic  purposes.  We  may  find  that  the 
Moon  is  a  blessing  to  the  Earttf  m  saving  from  slow  and  painful 
destruction  (a  process  which  I  believe  is  generally  of  about  four 
years'  duration)  the  large  number  of  horses  which  work  our  tram- 
ways and  omnibuses.  At  intervals  of  a  few  miles  on  every  town 
and  country  road  we  may  have  posts  supplying  air  compressed  by 
the  tidal  action  of  the  Sun  and  Moon,  from  which,  by  the  simple 
turning  of  a  tap,  the  cyliuder  of  every  private  carriage  may  be  re- 
plenished and  the  use  of  horses  for  traction  be  entirely  dispensed 
with.  In  fact  it  is  to  be  hoped  that  such  a  tap  may  be  ere  long 
established  in  every  house,  and  the  progress  and  support  of  astro- 
nomy be  vastly  increased,  by  the  new  interest  in  the  Sun  and  Moon 
which  will  thus  be  generated  throughout  the  length  and  breadth  of 
our  land.  E.  Lxdoeb. 


The  Meteors  of  November  13-14. 

The  Leonids  were  seen  in  considerable  numbers  at  several  points 
in  Indiana  on  the  mornings  of  November  13th  and  14th.  On  the 
13th,  at  Spiceland,  Henry  County,  Mr.  William  Dawson  saw  about 
140  from  midnight  to  daylight.  At  Washington,  Daviess  County, 
Prof.  D.  E.  Hunter,  commencing  at  3**  30™,  counted  190  in  two 
hours.  On  the  14th  Mr.  Oeorge  W.  Henley  at  Bloomington, 
Monroe  County,  saw  nine  in  25  minutes,  commencing  at  i  o'clock. 
These  were  all  the  meteors  seen  during  the  times  specified,  and  the 
whole  number,  of  course,  could  not  have  been  Leonids ;  the  shower, 
however,  was  distinctly  marked. 

It  may  be  worthy  of  note  that  numerous  meteors  were  seen  at 
this  epoch  in  the  years  1846 -1849*,  the  interval  from  the  first 

^  Quetelef  6  Phjsique  da  Globe,  p.  3x0 ;  also  Humboldt's  Counoa,  toL  It. 
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date  to  1879  being  33  years.  It  seems  probable  that  besides  the 
principal  duster  of  the  stream,  which  passed  its  perihelion  in  1833 
and  1866-7,  at  least  two  other  groups,  less  dense  in  their  constitu- 
tion, move  in  nearly  the  Eame  orbit.  The  first  of  these  rarer 
swarms,  as  was  shown  in  'Nature'  for  June  3,  1875,  probably 
passed  its  perihelion  about  1787,  1820,  and  1853,  and  may  be  ex- 
pected to  return  about  1 887.  The  existence  of  the  other  is  indicated 
by  the  showers  of  1846, 1847,  and  1849,  together  with  that  of  1879. 
Bloomington,  Indiana,  U.  S.  A.  DaitIBL  KibKWOOD. 

Not.  10,  1879. 


Dotible  Stars  for  January. 

The  |>rincipal  pairs  have  already  been  given  (see  *  Observatory, 
VoL  ii.  pp.  241,  and  304).  Of  the  following  objects  those  dis- 
covered by  2  and  02  should  not  be  neglected,  while  special  interest 
attaches  to  those  recently  discovered  and  measured  by  Mr.  Bum- 
ham  03). 

/3  526=/3  Persei.        E.A,  3^  o"-3,  Dec.  +40**  30'. 

Mag.  A  2^  to  4,  B  13,  C  13,  D  10,  E  12*5. 

A  is  the  celebrated  variable  star  Algol.    Smyth  observed 


AB        155^-8 

AC         145  •« 
AT)        192  '4 
DB        lis  -6 

58"-2i        1878-6        ft. 
67  -62               -6 
81  -86                -6 
10  77                -6 

/J  536.        E.A. 

Mag.  8,  AB  9,  C  8,  D  12. 

Very  close  and  difficult ; 
AB        336°-4 
AC        302  -4 
CD          II  '2 

3^39"*i,Dec-+23''49'- 

in  the  Pleiades  AC  is  So.  437. 
o"-44         18787        p. 

3^  72                7        >» 
18  -17                -6 

fi  547=47  Tauri. 

Mag.  A  5,  B  8,  C  12. 

AB        359^7 

7 

AB  and  C        223  -i 

EJL.  4'  7-4,  Dec.  +8«  58'. 

o"-89         1877-8        ft. 
•82                .9        De. 

32   -2                        '9           ft' 

02  78.        E.A.  ^  8-" 

2477 
Probably  binary. 

2520.        EA,4^"' 
io6^*3 
Probably  binary. 
VOL.  in. 

"5,  Dec.  +29^43'.    Mag.  7-9. 
2  72        1866-9        De. 

"•I,  Dec.  +22^  31'.    Mag.  8,  8. 
o"-9          1868- 1        De. 

z 
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OS  79.        B.A.  4**  13",  I>oc.  +16^  14'.     Mag.  6-5,  8. 
5o°-3  o"'78        1872-2        De. 

Binary. 

OS  80.        E.A.  4**  iS"'2,  Dec.  +42°  9'.    Mag.  6-5,  7. 
183^-0  o"-65        1873-2        De. 

Binary. 

/3  S5o=Aldebaran.        E.A.  4**  29"  Dec.  16°  16'. 

Mag.  13-14- 

io9°-o        3o"'45         1877-9        /3- 
no  '5         31  -26  8-0         Hall. 

/3  saw  this  companion  ^  yery  fairly  with  the  aperture  contracted 
to  12  inches." 
For  the  old  companion  we  have 

35°-2       ii3"-94         1877-9        ^- 

Joseph  Gledhill. 
Mr.  Bdward  Cro88ley*8  Observatory, 
Bermerside,  Halifax. 


Meteor  Notes  for  January  *. 

Obsbbyationb  may  be  made  in  the  evenings  during  the  first  18 
days  and  in  the  mornings  from  the  7th  to  the  21st.  During  the 
first  half  of  the  month  a  shower  of  Gygnids  should  be  looked  for. 
Heis  gives  the  position  at  296°  +  53°,  Dec.  8-Jan.  25,  and  the  writer 
found  it  at  295°  +S3°  on  Jan.  4-17,  1877.  A  series  of  radiant- 
points  near  ij  UrssB  at  201°  +54°  was  derived  by  Schiaparelli  from 
Zezioli's  observations  in  1868-69.  On  Jan.  28, 1869,  a  very  large 
number  of  meteors  were  seen  by  the  latter ;  but  they  exhibited  con- 
siderable confusion  in  their  directions,  and  the  best  radiant-point 
was  that  of  an  ill-defined  position  in  Corona  at  236°  -{-25°  (25  me- 
teors). Showers  at  10°  +57°  (Jan.  10,  S.  and  Z.),  181°  -|-35% 
150°  +  67** (Jan.  6,  a.  and  H.),  170°  -|-8°(Jan.  5-1  i,T.),  132^  -I-67'' 
(Jan.  27,  S.and  Z.),  145°  +5° (Jan.  4-11,  T.),and26o°  -1-45*'  (Jan. 
14-17,  D.)  should  also  be  expected  this  month,  l^balls  are  more 
numerous  than  usual  on  the  2nd,  21st,  and  31st. 

BecerU  Observatians, — Mr.  Corder  observed  about  350  meteors 
between  Nov.  4-17,  and  a  brief  abstract  of  his  results  for  Nov. 
11-13  was  given  in  our  last  month*s  notes.  In  all  he  noted  29 
Leonids  (max.  Nov.  13  a.m.),  of  which  8  were  ist  mag.  and  18  left 
streaks.  The  hourly  number  for  one  observer  was  not  higher  than  4. 
The  aggregate  number  of  Taurids  seen  during  the  month  was  53 ; 
but  if  several  outlying  radiants  of  similar  meteors  are  included  the 
total  is  swelled  to  85.    Mr.  Corder  remarks  that,  considering  the 

*  See  *  Obeerratory/  VoL  L  p.  301,  and  VoL  ii.  p.  305,  for  further  notes  <m 
January  ehowerB. 
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length  of  his  watches,  the  number  seen  was  not  large ;  the  horary 
rate  never  exceeded  6  for  one  observer.  The  best  of  the  minor 
showers  of  this  epoch  as  determined  by  him  were  at  47®  +23°  (14), 
80°  +68°  (12),  60°  +40°  (8),  134°  +50°  (9X  335°  +68°  (8),5o- 

+  15°  (8),  42° +16°  (7),  Ac. 

At  Bristol  the  principal  shower  west  of  the  Tanrids  on  Nov.  12- 
I4wa8  at  46°  +2i°(i9).  There  was  also  a  well-defined  radiant  in 
the  fore  part  of  Ursa  at  133°  +70°  and  at  ^-fi  Tauri,  80°  +24*^. 
Other  suspected  positions  were  derived  at  62°  -1-34°,  59°  +48°,  48° 
+43°,  5*^  +52°,  76i°  +33"^-  The  brightest  meteor  seenduringthe 
month  was  at  about  7^  20™  on  Nov.  10,  falling  slowly  from  213° 
+  56°  to  207  +32°  (=25®).     It  was  nearly  as  bright  as  Venus. 

Mr.  E.P.  Sawyer  reports  from  Cambridgeport,  lifoss.: — "The  sky 
continued  persistently  cloudy  from  Nov.  nth  to  the  15th,  and  no 
opportunity  was  afforded  of  watching  the  Leonids  until  the  latter 
date,  when  an  observation  of  two  hours'  duration  was  obtained  in  a 
perfectly  dear  sky,  from  13**  to  15**,  and  16  meteors  recorded, 
of  which  7  were  undoubtedly  Leonids.  They  were  of  medium 
brightness,  short,  rapid,  and  accompanied  by  str^ks.  The  brightest 
meteor  observed  was  a  member  of  the  Leonids.  It  was  of  the  ist 
mag.  and  appeared  near  the  radiant-point  at  13**  50",  leaving  a 
greenish  streak.  The  other  Leonids  where  of  the  2nd  and  3rd 
mag.,  while  the  majority  of  the  unconformable  meteors  were  of  the 
4th  and  5th  mag.  The  radiant-centre  in  Leo  was  accurately  deter- 
mined, from  three  very  short  and  exactly  noted  paths  near  the 
focus,  as  at  151°  -|-22°.  Three  other  meteors,  rather  bright,  short, 
and  of  an  orange-colour,  were  well  observed,  and  indicated  a  shower 
from  the  point  146°  + 1®.  This  agrees  with  a  position  observed  by 
Denning  at  148°  -|-2°,  Nov.  25-Dec.  2 1,  i876,and  =  comet  1. 1813  ?, 
although  my  observation  would  seem  to  fix  the  appearance  of  this 
shower  at  an  earlier  date.  The  remaining  meteors  seen  on  Nov.  15 
diverged  from  Ursa  Major  and  Gemini."  Mr.  Sawyer  adds  that  an 
Indiana  newspaper  received  by  him  from  Prof.  Kirkwood  contains 
the  following  notes  on  the  November  Leonids : — "  Mr.  G.  W. 
Henley,  of  the  junior  class  in  the  State  University,  counted  9  in  25™ 
on  the  morning  of  Nov.  14;  while  Prof.  D.  E.  Hunter,  assisted  by 
several  students  (number  not  stated),  at  Washington,  Indiana,  on  the 
morning  of  the  13th,  from  3.30  a.m.  to  5.30  a.m.  (2  hours),  counted 
190 !  He  remarked  that  the  display  was  of  an  intermittent  cha- 
racter. The  meteors  would  appear  in  considerable  niunbers  for  8 
or  10  minutes  and  then  cease  en^rely  for  5  or  6  minutes,  then  appear 
again  as  before.  This  was  frequently  repeated.'*  Though  the 
numerous  showers  of  this  period  must  have  contributed  to  the  large 
number  of  meteors  seen  m  this  instance,  the  inference  is  that  the 
Leonids  returned  with  considerable  intensity;  but,  in  the  absence  of 
precise  information  with  regard  to  the  niunber  of  observers  and  the 
arrangement  and  results  of  the  observations,  it  is  impossible  to 
understand  to  what  extent  this  was  the  case. 

A  large  meteor  was  seen  on  Nov.  17,  9**  40"  G^*  M.  T.,  by  Dr. 
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Copeland^  ^  the  Dun-Echt  Obserratory,  Aberdeen.  It  was  brighter 
than  Jupiter,  of  a  bluiBh-white  colour :  and  observed  to  explode  at 
about  the  point  301°  -|-6°. 

None  of  the  Andromedes  or  meteors  of  Biela's  comet  appear  to 
have  been  seen  at  the  end  of  November.  At  "Writtle,  Mr.  Corder 
reports  cloudy  weather  on  the  26th  and  28th.  On  the  27th  fine 
from  8^  to  8*"  30",  when  during  about  an  hour's  watch  only  one 
meteor  (a  Taurid)  was  seen.  At  Bristol  the  sky  was  clear  on  the 
early  evening  of  Nov.  25th,  but  no  shooting-stars  were  visible  in  the 
bright  moonlight ;  26th  cloudy;  27th  occasionally  fine  during  the 
night.  Watched  between  5**  30"  and  6**,  and  for  similar  intervals 
at  about  midnight  and  16^,  when  the  sky  was  very  clear,  but  there 
were  no  meteors.  The  evening  of  the  28th  was  overcast ;  but  at 
midnight  the  clouds  dispersed  and  idlowed  a  brief  observation,  with, 
however,  the  same  negative  result  as  before.  The  last  two  or  three 
nights  of  the  month  were  pretty  clear,  without  any  manifestation  of 
the  expected  display. 

A  fireball  was  seen  at  Bristol  by  Mr.  C.  P.  Denning  on  Dec.  10, 
1 1^  2"»  P.1C.  Path  from  32°  -h  18''  to  349°  -h  26°  =41^  The  track 
crosses  /3  Axietis  and  nearly  reaches  a  point  slightly  below  /3  PegasL 
Though  not  very  brilliant  at  first,  the  meteor  burst  out  with  great 
lustre  just  before  extinction  and  left  a  bright  train  lasting  about  15 
seconds,  from  which  the  direction  of  the  path  was  carefully  noted. 
Mr.  J.  L.  Stothert,  writing  from  Bath,  says: — "Dec.  loth,  ii**  2"' 
Ct,  M.  T.  Large  meteor  appeared  near  Mars  and  passed  about  2^ 
south,  in  front  of  a  AndromedsB,  and  shortly  burst  ^ith  fine  flame, 
leaving  a  long  track  behind.  Brightness  perhaps  s  $  x  6."  This 
description  of  the  path  almost  coinddes  with  the  meteor's  course 
as  noted  at  Bristol. 

On  Dec.  1 2  the  shower  of  Ghminids  was  evidently  very  active ;  but 
at  Bristol  the  sky  was  more  or  less  enveloped  in  fog  all  the  evening. 
At  about  10  P.M.  5  rather  bright  meteors  were  seen  in  a  few 
minutes.  W.  P.  Djenmng. 


COREESPONDENCE. 

To  the  Editor  of  *  The  Observatory! 

Appearances  of  Comets  in  1 879. 
Sib,— 

It  may  be  worth  while  to  call  attention  to  what  I  believe  to 
have  been  a  well-marked  peculiarity  in  the  appearance  of  Palisa's 
comet  (d  1879).  Por  a  few  days  both  before  and  after  perihelion 
passage,  viz.  fi^om  about  Sept.  25  to  Oct.  10,  according  to  my  own 
observations,  the  nucleus  of  this  comet  became  much  more  diffused 
and  fainter  than  the  very  trifling  theoretical  diminution  of  its 
britliwicy  will  account  for;  and  later  on,  or  about  Oct.  15,  it 
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Iiad  recovered  at  once  its  lustre  and  definitbn.  l!1iis  is  qnite 
similar  to  the  behaviour  of  Encke's  comet  when  near  perihelion, 
but,  so  &r  as  I  am  aware,  of  none  other.  It  is  not  to  be  accounted 
for  hj  atmospheric  circumstances,  as  upon  Oct.  5,  10,  and  15  the 
most  satisfactory  state  of  the  sky  prevailed,  particularly  on  the 
first-mentioned  dates.  I  feel  confident  that  the  phenomenon  was 
so  marked  that  it  csmnot  fail  to  have  been  noticed  by  other  ob- 
servers of  this  comet,  whose  confirmation  I  shall  be  glad  to  have. 

I  need  scarcely  add  that  during  the  whole  interval  the  distance  of 
the  comet  from  the  Sun  varied  so  little  that  it  is  impracticable  to 
explain  the  fact  as  an  effect  of  the  increased  heat  to  which  it  had 
been  subjected ;  and  the  suggested  explanation  of  M.  Yalz  in  the 
case  of  Encke's  comet  is  for  various  reasons  unsatisfactory.  In 
this  state  of  the  case  it  seems  desirable  to  inquire  if  the  spectro- 
scopic results  present  any  peculiar  or  very  close  analogy  to  those 
obtained  by  observation  of  Encke's  comet  in  187 1-2. 

I  would  further  wish  to  take  this  opportunity  of  commenting  on 
the  very  inconspicuous  character  of  the  tail  of  Brorsen's  comet  at  its 
apparition  this  year.  Unless  my  memory  is  greatly  at  fault,  this 
feature  was  fairly  observable  in  1868;  but  I  find  that  on  the  last  oc- 
casion it  is  not  even  mentioned  by  any  astronomer  except  Dr.  Schmidt 
( Astr.  Nachr.  No.  2266}.  With  the  fine  refractor  at  Orwell  Park,  the 
tail  was  seen  very  faintly  on  two  evenings  only,  namely  on  April 

II  and  24,  and  merely  a  trace  of  such  an  appendage  was  detected 
on  intermediate  days.  As  periodical  comets  generally  tend  to  be- 
come fainter  at  each  return,  it  may  be  interesting  to  note  the  stages 
by  wMch  their  loss  takes  place. 

I  am.  Sir,  yours  faithfully, 

John  I.  Flttmmsb. 

Jupiter  in  1869  and  1879. — ^^  ^^ Ellipse'^  and  the 
''Red  Spot/' 

Sib,— 

The  "red  spot"  which  has  for  some  time  been  visible  on  the 
disk  of  Jupiter  is  attracting  so  much  attention  that  it  has  occurred 
to  me  to  extract  from  the  note-books  some  account  of  both  it  said  the 
"  ellipse  ^  or  "  elliptic  ring "  which  was  so  much  observed  in  the 
southern  hemisphere  of  the  planet  in  1869.  The  drawings  which 
accomp«iy  these  descriptions  will,  I  hope,  add  somewhat  to  their 
interest  and  usefulness. 

The  ^^  Ellipse''  0/1869. — All  through  the  autumn  and  winter  of  this 
year  the  physical  features  of  the  planet  Jupiter  were  carefully 
watched  and  sketched.  A  great  variety  of  cloudlets,  dark  spots, 
bright  spots,  "  breaks  "  or  "  gaps  "  in  dark  belts  &c.  were  observed ; 
but  by  far  the  most  interesting  feature  was  the  "  elliptic  ring." 
This  was  first  seen  on  the  14th  of  Nov.,  and  it  was  central  about 
10**  50"  G.M.T.  *'  It  lies  parallel  to  the  belts  and  touches  a  belt 
to  the  south :  it  is  darkest  at  the  E.  end."  In  the  drawing 
(p.  281)  the  ellipse  is  too  short. 
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On  the  sth  of  January,  1870,  it  was  seen  by  Prof.  Mayer  of 
Lehigh  University.  It  was  carefully  observed  by  me  till  March 
1870,  and  in  July  of  the  same  year  it  had  disappeared. 

The  following  transits  of  the  centre  across  the  pokr  diameter 
of  Jupiter  were  made  here ;  they  were  merely  eye  estimations,  the 
micrometer  not  being  used  : — 

h. 


1869,  Nov.  14. 

.10  50 

16. 

.12  0 

19. 
28. 

.  9  45 
.12  15 

Dec.  I. 

.13  45 
.  9  40 

4. 

.  7  15 

13. 

•  9  30 

27. 

.11  0 

h.  m. 

1869,  Dec.  28. 

.  7± 

1870,  Jan.  4. 

.8  0  E.  end  in  centre. 

9- 

.70 

23- 

.  8  20 

25- 

.10  0 

26. 

•  5  45 

Feb.  9. 

.  7  30 

26. 

.  6  20 

Although  this  beautiful  form  was  examined  so  often  no  change 
was  detected,  with  the  exception  of  a  slight  thickening  of  the  line 
in  Feb.  1870.  On  Dec.  ist,  1871,  a  similar  elliptic  ring  was  seen 
resting  on  the  S.  equatorial  dark  band. 

The  ^^Red  Spot**  of  1879. — ^The  drawing  was  made  about  11  p.m. 
on  Sept.  29th.  The  definition  was  not  good,  and  the  position,  form, 
and  colour  of  the  small  spots  preceding  the  **  red  spot "  are  conse- 
quently uncertain.  From  measures  made  on  Aug.  31st,  Nov.  7th, 
12th,  and  14th,  the  length  would  seem  to  have  diminished;  but 
much  uncertainty  attaches  to  this,  owing  to  the  bad  state  of  the  air 
when  the  measures  were  made. 

The  following  transits  of  the  "  riad  spot"  over  the  polar  diameter 
of  Jupiter  have  been  observed.  The  method  was  as  follows  : — The 
equak)real  diameter  was  measured  and  the  micrometer-webs  set  half 
that  distance  apart :  one  web  was  then  kept  pn  the  eastern  limb 
of  the  planet  until  the  preceding  end,  centre,  and  following  end 
of  the  "  red  spot "  had  come  up  to  the  other  web. 


1879,  Nov.  7   7 

12  6 

14 7 

29  5 

Dec.    I   7 

3   8     45± 

6   6       5  + 

8   7     4i± 


Preceding  end. 
h.     m,* 

20  + 

59  ± 

iS± 

3± 


Centre, 
h.     m. 

7  44± 
6     5o± 

8  25± 

5  5o± 
35  ± 
10 


7 

9 

6    45± 

8     21  + 


Following  end. 
h.    m. 
8     i3± 
20  ± 
6± 
30  ± 


7 

9 
6 


7  i5± 

8  46  + 


Mr.  Edward  Oroesley'B  Obferratorj', 
Bermerdde,  Halifax. 


I  am,  Sir,  yours  truly, 

Joseph  Glbdhill. 


•  G.  M.T. 


Digitized  by 


Google 


1880.]  Correspondence.  281 

JUPITEE. 


1870,  January  23,  about  8**  20"  Q-.  M.  T, 


1879,  September  29,  about  11^  30"  G.  M.  T. 
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The  great  Patch  on  Jupiter. 

Sib,— 

The  valuable  article  by  Mr.  Brett  in  your  last  Number 
comes  at  an  opportune  moment.  The  great  patch  on  Jupiter,  which 
jour  eorrespondeitt  ligllOf  deMffbM  lis  •*1^  mm  tfEfimor&iaiy 
phenomenon,^  desorre»  floi  oofy  to  ber  Wet)  ^mem^ii  Ifot,  what  is 
more  important^  corftctlj  deccribed.  I&  all  isy  dbserrations  o£ 
this  object  I  bate  always  seen  it,  as  Mr.  BadiboiMe  has,  as  a  *'long 
dusky  marit,^  with  a  tinge  of  deep  red ;  and  the  nofKrisEibility  of 
the  bright  ^  fose  colours  "  &c.  alluded  to  by  other  ofaMrrers  I  set 
down  as  due  to  the  limited  aperture  (4^  in.)  I  employed.  It  ap- 
pears now,  howeyer,  that  the  object  was  never  so  bfi^t  as  it  was 
said  to  be  by  sotne,  and  that  the  "  flames  "  we  were  so  oagorly  look- 
ing for  had  no  teal  existence.  Mr.  Brett  only  eiprtissoo  we  feel- 
ing of  humbler  observers  when  he  depreciates  audk  extravagant 
vagaries  in  obeevvational  science.  At  the  same  time  it  is  only  fair 
to  say  that  early  last  autumn  the  object  was  certainly  BKife  Mghly 
coloured  than  noir,  though  I  never  saw  it  at  asy  time  brighter 
than  a  dull  brick-red^ 

Mr.  Brett  alludes  to  Cassini's  famous  spot  of  1665,  and  inquires 
*'  whether  any  other  correspondeDsea  mm  be  shown.'^  There  have 
been,  during  recent  oppositions,  some  phenomena  ol  a  disracter 
allied  to  the  present  which  deserre  nciiee.  Mr.  Denning  in  1868 
records  on  the  S.  belt  a  dark  spot  of  elliptical  form.  This  may  have 
been  the  precursor  of  the  great  southern  ellipse  fifst  observed  by 
Mr.  Gledhill  on  Nov.  14th,  1869.  This  object  was  stated  to  be  as 
bright  in  the  interior  as  the  zone  on  which  it  lay,  and  showed  no 
change  in  contour.  The  proportions  of  this  ellipse  were  i  to  1*5 1  ac- 
cordmg  to  measures  by  Prof.  Mayer.  In  the  succeeding  opposition 
of  Dec.  187 1  Gledhill  again  observed  this  object.  It  was  then  much 
less  regular  in  outline  and  had  within  it  a  short  slightly  curved 
dark  Ime.  Erom  this  time  it  does  not  appear  to  have  been  observed, 
though  Birmingham  three  months  later  records  a  huge  dark 
marting  hereabouts.  The  present  dark  patch  lies  in  the  same  lati- 
tude as  the  great  ellipse  of  1869  to  1872,  and  I  have  little  doubt  is 
allied  to  it.  Both  present  the  same  shape  and  tendency  to  elongate 
in  the  direction  of  the  longer  axis.  A  stQl  more  remarkable  paral- 
elism  lies  in  the  circumstance  that  both  made  their  appearance  about 
the  time  when  the  sun-spot  minimum  was  terminating.  Whether 
the  present  marking  will,  like  the  last,  retain  its  depth  and  position 
till  the  time  of  maximum  can  only  be  decided  by  time. 

The  belt  system  as  a  whole  shows  a  singular  alternation  of  ac- 
tivity. From  i860  to  1863  there  was  a  ^neral  tendbn^  of  the  S. 
belts  to  increase  in  sisse  and  activity,  the  N.  continuing  smaller  and 
much  less  given  to  change.  From  1863  to  1867  the  S.  belts  lost 
size  and  tendency  to  aJteration  in  form,  whereas  the  N.  Became 
more  evident  and  active.  In  1868  theB.  region  resumed  its  acti- 
vity (N.  E.  Green).    In  1869-70  the  S.  region  was  still  active,  but 
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in  1871-72  the  K  i^on  was  the  seat  of  chaiige  (QledhiH).  In 
1874-75  I  found  the  N.  belts  still  disturbed;  bat  since  then  activity 
has  been  transferred  to  the  S.,  where  it  still  remains.  These  fact« 
maj  be  worth  noting  at  the  present  time. 

I  am,  Sir,  yours  faithfully, 
Horton  Street,  N.,  Deo.  8, 1879.  AlbbeT  P.  Horj)Bir. 

Spot  on  Jupiter  in  1792. 

SlE,— 

In  connexion  with  the  much-ttJked-of  spot  that  recently 
showed  itself  on  Jupiter,  attention  may  be  called  to  an  observation 
of  something  very  smiilar  observed  by  Schroeter  in  the  last  century. 
This  was  on  the  occasion  of  the  occultation  oi  the  planet  by  the 
Moon  on  April  7,  1792.  The  equatoreal  belt  is  represented  as 
being  very  distinct,  consisting  of  two  zones  of  a  brownish-gtey 
colour  separated  by  a  more  luminous  interval.  Two  well-demoed 
stripes,  which  Schroeter  had  noticed  for  years,  crossed  the  disk. 
The  most  remarkable  phenomena,  however,  were  two  nebulous  un- 
defined spots,  perceptibly  darker  than  the  principal  bdt;  and, 
above  all,  a  more  remarkable  spot  is  represented  in  the  southern 
hemisphere  of  the  planet,  circular,  bright  in  the  ceutre  and  with  a 
dusky  shading  all  round.  A  similar  spot  seems  to  have  been  ob- 
served in  1786  and  1787.  I  am.  Sir,  faithfully  yours, 

Samt7£l  J.  Johnson. 
Abbenhall  Bectoty,  Gloucester, 
December  2,  1879. 

The  Moon's  Photographic  Semidiameter. 
Sib,— 

Mt.  Neison,  in  the  Monthly  Notices '  of  November,  has 
been  so  good  as  to  call  attention  to  a  paper  of  mine  on  the  mea- 
sures of  the  Moon's  photographic  semidiameter,  inserted  in  the 
same  publication  of  June  last.  His  paper  contains  several  items  ; 
these  shall  be  first  stated,  and  then  briefly  discussed. 

I.  An  empirical  formula  for  the  Moon's  mean  semidiameter,  as 

viewed  through  a  telescope  of  any  given  aperture. 
This  formula  will  be  valuable  and  interesting  if  shown  to  be 
correct ;  but  I  fear  reasons  exist  why  any  such  general  formula 
must  be  received  with  great  hesitation. 

n.  An  application  of  this  formula  to  the  De  la  Eue  reflector 

of  13  inches  aperture. 
This  will  be  shown  to  be  a  probable  misapprehension. 

III.  A  remark  that  Bessel's  method  of  measuring  the  Moon,  and 

adopted  by  myself  for  a  specific  purpose,  is  inapplicable 
on  account  of  irregularities  of  the  Moon's  limb. 
This  I  believe  to  be  groundless. 

IV.  A  remark  that  if  the  measures  of  the  Lunar  photographs 

had  been  reduced  by  Burckhardt's  tables,  the  discordances 
would  be  very  seriously  increased. 
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I  here  yenture  to  observe  that  Mr.  Nelson  cannot  possibly  be 
in  possession  of  data  whereon  to  found  any  computations  justi- 
fying this  remark.  I  have  neyer  yet  stated  the  dates  of  the  pho- 
tographs ;  and  these  dates  form  a  very  essential  element  in  the 
coniputatdon  of  the  parallaxes. 

Y\  A  remark  that  Wichmann's  heliometer  measures  would  be 
as  accordant,  inter  se,  as  are  the  photographic  measures, 
provided  Burckhardt's  lunar  parallaxes  were  corrected. 

Mr.  Neison,  no  doubt,  has  founded  this  assertion  on  computations 
which  he  has  already  made.  Pending  their  production,  I  have 
grave  reasons  for  doubting  the  removal  of  the  discordances  in 
question  by  this  process. 

VI.  A  reference  to  certain  experiments  whereby  he  has  deter- 
mined the  amount  of  "  Photographic  Irradiation  "  in  the 
case  of  the  Oxford  Lunar  Photographs  to  be  about  0^*3. 

A  detail  of  these  experiments  would  be  both  valuable  and  in- 
structive.    Assuredly  they  must  have  been  very  difficult. 

Further,  as  to  tbe  empirical  formula  for  the  Moon's  semidiameter 
obtained  from  telescopes  of  specific  apertures.  In  the  '  Monthly 
Notices 'this  formula  is  evidently  printed  with  errors.  Correcting 
to  the  best  of  my  power,  it  would  stand  thus : — 

iS'33"'37  +  4"'i-r-(i+o'7  aperture  in  inches). 

Now  on  examination  of  the  Greenwich  and  Oxford  (Eaddiffe) 
Observations,  I  find  that,  in  a  single  year,  such  discordances  as 
6",  8",  and  even  10"  occur  in  the  resulting  values  of  the 
Moon's  observed  diameter.  This  indicates  the  existence  of 
serious  ^^ personality/^  and  very  great  difficultv  in  placing  a  wire 
on  the  Moon's  limb.  I  have  myself  observed  the  same  (ufficulty 
in  regard  to  lunar  photography,  and  I  at  once  abandoned  the 
method  for  the  more  secure  one  suggested  by  Bessel.  In  obtaining 
an  empirical  formula,  representing  the  results  with  all  telescopic 
apertures,  these  personalities  ought  to  be  eliminated.  It  may  be 
that  Mr.  Neison  has  done  so ;  still  the  great  discordances  of  single 
observations  must  always  throw  a  doubt  upon  the  concluded 
measures. 

Again,  the  Astronomer  Eoyal,  in  discussing  the  Moon's  semi- 
diameter  as  resulting  from  twelve  years'  observations,  arrives  at 
15'  33"'65  (Introduction,  1863),  differing  by  o"'i8  from  Hansen's 
adopted  value  ;  this  of  itself  shows  the  very  precarious  character 
of  all  such  determinations.  Further  still,  in  the  '  Astronomische 
Nachrichten,'  No.  2287,  for  Nov.  29  of  the  current  year,  Prof. 
Winnecke  stated  that,  from  observations  made  at  Strassburg  with 
a  5-inch  transit-circle,  Hansen's  value  of  the  Moon's  semidiameter 
ought  to  be  reduced  by  i"'09.  If  this  be  so,  then  either  Mr. 
Nelson's  formula  becomes  invalidated,  or  the  whole  question  is  at 
present  insoluble. 

U.  Mr.  Neison,  in  applying  his  formula  to  the  De  la  Bue 
reflector  of  13  inches  aperture,  has  omitted  to  notice  the  well- 
known  diffraction  effect  of  the  small  mirror  in  all  such  instruments. 
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m.  In  measuring  tlie  Oxford  (University)  photographs,  I 
adopted  Bessel^s  method,  devised  expressly  for  the  avoidance  of- 
irr^ularities  in  the  Moon's  serrated  limb.  I  select  places  where 
these  irregularities  are  either  non-existent  or  very  small.  The  effect 
of  this  peculiarity  of  the  method  is  seen,  I  believe,  in  the  remark- 
able accordances  of  the  photographic  measures.  If,  notwith- 
standing this  precaution,  the  measures  are  vitiated,  as  Mr.  Neison 
suggests,  what  shall  we  say  of  the  results  obtained  from  transit- 
circle  observations,  adopted  by  himself,  where  no  such  power  of 
selection  exists,  and  where  the  discrepancies  are  so  unavoldedly 
great? 

I  will  only  add  that  I  inadvertently  deduced  the  'Nautical 
Almanack '  value  of  the  Moon's  mean  semidiameter  by  the  employ- 
ment of  Professor  Adams's  mean  parallax  o£  the  Moon.  I  should, 
with  greater  consistency,  have  used  Hansen's,  though  probably  the 
less  correct  of  the  two.  But  this  has  nothing  whatever  to  do 
with  the  questions  raised  in  this  paper.  These  are  real  questions, 
possessing  an  interest  of  their  own ;  and  this  is  the  only  excuse  I 
can  plead  for  occupying  so  much  space  in  the  valuable  pages  o£ 
the  *  Observatory.'  I  feel  obliged  to  Mr.  Neison  for  oilling 
attention  to  the  subject. 

I  am,  Sir,  yours  faithfully, 

Oxford  TJniTeraity  Obeenratory,  C.  PbitcHABD. 

Dec.  1 8, 1879. 

The  Royal  Astronomical  Society. 

Sib,— 

The  Fellows  of  the  Astronomical  Society  who  were  present 
at  the  November  Meeting,  and  others  at  a  distance,  who,  like  myself, 
heard  only  of  what  took  place  on  that  occasion,  must  have  felt  a 
deep  regret  at  the  incipient  re-occurrence  of  an  outbreak  of  irregu- 
larities, the  like  of  which  recently  brought  the  Society  to  the  very 
verge  of  disaster. 

n  Captain  Noble  made  use  of  the  language  imputed  to  him,  viz. 
^^pot-house  abuse"  at  a  scientific  meeting  of  the  Astronomical 
Society,  no  matter  what  provocation  he  had  met  with  (and  he  seems, 
from  the  report  in  the  *  Observatory,'  to  have  met  with  a  considera- 
ble amount),  then,  no  doubt,  Captain  Noble  will  offer  an  apology  to 
the  society  for  the  unbecoming  expressions  which  he  is  reported  to 
have  adopted.  On  the  other  hand,  it  may  be  that  the  gentleman 
who  is  reported  to  have  provoked  him  by  disrespectful  expressions 
will  gladly  withdraw  language  which  he  may  now  regret. 

But  the  astronomer  who  occupieis  the  chair  at  these  meetings 
has  the  power  of  repressing  all  such  improper  ebullitions  of  temper 
or  of  personality ;  and  perhaps  it  may  not  be  too  much  to  hope  that 
even  the  very  amiable  nobleman  who  now  presides  over  these  astrono- 
mical debates  will  so  far  overcome  his  well-known  kindliness  of  dis- 
rltion  as  to  put  a  stop  to  language  which  may  lead  to  consequences 
from  advantageous  to  the  Astronomical  Society. 
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The  Astronomical  Society  is  established  for  the  furtherance  of 
astronomical  research,  and  not  for  the  indulgence  of  personal  spleen, 
nor  for  the  gratification  of  the  appetite  for  notoriety. 

I  am,  jours  faithfully, 

Oxford,  Dea  15,  itf^,  C.  Pbitchabd. 


NOTES. 

The  Lick  Obseevatoet. — We  learn  from  an  article  in  the  *  San 
Francisco  Chronicle  *  that  Mount  Hamilton,  the  site  selected  by  Mr. 
Lick  in  1875  for  his  proposed  Observatory,  has  been  recently  visited 
by  Mr.  Burnham,  who,  after  spending  a  month  there,  pronounces 
it  one  of  the  best  astronomical  sites  in  the  United  S1»tes,  a  judg- 
ment in  which  he  is  confirmed  by  Prof.  Newcomb.  Mr.  Burnham 
erected  his  six-inch  equatoreal  in  a  temporary  observatory  on  the 
summit  of  ihe  mountain,  askl  during  his  stay  there  discoveml  about 
twenty  new  double  stars.  After  fixing  on  the  site,  which  is  some 
50  miles  south-east  of  San  Francisco,  Mr.  Lick  forthwith  construc- 
ted a  road  20  miles  long  to  the  top  of  the  mountain  and  obtained 
some  1 500  acres  of  land  for  the  observatory ;  and  there  the  matter 
haa  rested  until  further  information  could  be  obtained  as  to  the 
largest  size  of  refractor  practicable.  The  Lick  Trustees  seem  dis- 
posed to  wait  till  the  success  of  the  30-inch  object-glass  ordered  by 
Mr.  Struve  for  the  Pulkowa  Observatory  has  shown  that  the  limit 
o£  size  has  not  yet  been  reached.  But  meanwhile,  in  order  to  pro- 
perly observe  the  transit  of  Venus  in  188^,  they  propose  to  secure 
at  once  a  twelve-inch  refractor,  which  will  become  a  permanent 
fixture  of  the  obseivatoiy.  As  regards  the  buildings,  we  are  tdd 
that,  besides  the  observatory  and  residences  for  the  observ^:^ 
they  will  include  a  large  hotel  for  the  accommodation  of  the  general 
public.  Mr.  Lick,  who  died  two  years  ago,  has  left  700,000  dol- 
lars for  the  erection  and  endowment  of  the  proposed  observatwy 
as  an  adjunct  of  the  University  of  California,  so  that  ample  funcb 
are  provided  not  only  for  purchasing  the  largest  instruments  which 
can  be  made,  but  also  for  securing  a  permanent  establishment. 


Paeallax  of  the  Stae  Oeltzen's  Aegelandee  I  i677t.  * — The 
large  proper  motion  of  this  star  (  — ©■•so7  in  B.A.  and  -t-o"'2i 
in  Dec.)  has  led  M.  Geelmuyden  to  imdertake  at  Christiania,  with 
a  seven-inch  Merz  refractor,  a  series  of  micrometer  measures  of  its 
distance  from  a  neighbouring  star  of  9*5  mag.  9i'i>  and  7"  n, 
"w  ith  the  object  of  determining  its  parallax.  The  obsen^ations  were 
continued  from  1878,  Sept.  4,  to  1879,  ^ct  14.  Putting  /*  for  the 
relative  proper  motion  and  n  for  the  relative  parallax,  222  observa- 
tions ot  difference  of  E.A.  give /i=  — o''424  +  o'-022,  ir=o"'423 
+  o"-o78  ;  and  206  observations  of  difference  of  Declination  give 

*  Afltronomiacho  Nachriohten,  No  2287. 


Digitized  by 


Google 


1880.]  Notes.  287 

/is=— o"'i37^^o"*o87,  ir5Bo"'«72±o"-o38,  The  drcoinstances 
that  the  rektive  proper  motion  enters  as  an  unknown  into  the 
equations,  greatly  diminishes  the  accuracy  of  the  determination  of 
the  parallax,  and  M.  G^eelmuyden  has  therefore  tried  the  effect  of 
solving  the  equations  on  the  assumption  that  the  relative  proper 
motion  is  the  same  as  the  absolute  proper  motion  given  above.  On 
this  hypothesis  the  observations  in  B.A.  give  t=s:o"*27o+o"-o7S, 
and  those  in  declination  ir=o"-242  +o"'043.  It  would  seem  from 
this  that  the  star,  which  is  of  the  nmth  magnitude,  has  certainly  a 
sensible  paraUax ;  and  it  is  to  be  desired  that  other  astronomers 
should  observe  it  for  parallax,  especially  after  the  lapse  of  some 
years,  so  that  the  relative  proper  moti<m  may  be  determined  inde- 
pendently of  the  equations  for  parallax. 

"We  have  received  the  prospectus  of  a  *  Bibliographie  O^nerale 
de  TAstronomie,*  by  J.  C.  Houzeau,  Director,  and  A.  Lancaster, 
librarian  of  the  Brussels  Observatory.  This  valuable  work  gives 
a  methodical  catalogue  of  all  astrbnoHiical  works  from  the  inven- 
tion of  printing  to  the  year  1 880.  These  are  divided  into—  i .  Books, 
2.  Memoirs,  3.  Observations;  and  in  eaeh  section  the  works  are 
classified  according  to  their  subjects,  an  alphabetical  list  of  authors 
and  subjects  being  prefixed.  Specimens  are  given  of  each  of  the 
sections,  in  which  we  are  glad  to  observe  that  the  authors  have  not 
contented  themselves  with  giving  merely  the  bare  title,  but  have 
added  a  brief  abstract  of  the  contents,  so  that  a  very  good  idea 
of  each  work  may  be  formed  from  a  perusal  of  this  Cataio^e.  Not 
only  have  the  contents  of  all  the  astronomical  periodicals  been 
analyzed  and  classified,  but  also  those  of  such  encyclopedic  works 
as  Lahmde's,  Laplace's,  Bessel's,  Encke's,  &c,^  which  have  been 
classified  article  by  article.  The  entire  work  will  consist  of  three 
thick  octavo  volumes  in  double  column,  which  will  be  published  in 
parts  of  300  or  400  pages  each.  Persons  who  wish  to  subscribe 
for  the  work  are  requested  to  send  their  name  and  address  with- 
out delay  to  MM.  Houzeau  and  Lancaster,  Observatoire  Boyal  k 
Bruxelles.  The  subscription  is  fixed  at  the  rate  of  three  pence  for 
each  sheet  of  16  pages,  exclusive  of  postage. 

A  ifxw  minor  planet  of  the  tenth  magnitude  (No.  211)  was  dis- 
covered by  Herr  ralisa  at  Pola  on  Dec.  10.  Editob. 


Mtrtmomical  Memoranda,  1680,  January. 

81m.  Jan.  I,  sets  3^  S9"»*i8©8  ^o'^  8";  Jan.  31,  sets  4**  44'*,  rise! 
i9*»  42". 

A  total  eclipse  of  the  Sun,  visible^only  in  €alifoniiia  and  the  North 
Pacific,  oceurs  on  Jan.  II. 

Equation  of  time.: — Sun  after  Clock,  Jan.  i,  3*  38';  Jan.  11, 
8'»  2*5  Jan.  21,  II"  29*;  Jan.  31,  13"  39'. 


Digitized  by 


Google 


288 


Astranomical  Memoranda. 


[No.  88. 


Sidereal  Time  at  Mean  Noon: — Jan.  i,  i8^  42"^!;  Jan.  11, 
19**  2i"-5;  Jan.  21,  20**  i"*o;  Jan.  31,  20**  4o"-4. 
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Quarter,  Jan.  18,  18*"  40"  ;  Full,  Jan.  26,  22*J  12". 

Mercury  is  a  morning  star,  having  passed  his  greatest  elongation 
W.  on  Dec.  30.  He  rises  ij^  before  the  Sun  at  the  beginning  of 
January. 

Venus  is  a  morning  star.  The  illuminated  portion  of  the  disk 
is  0*684  on  Jan.  15,  and  0780  on  Feb.  14,  and  the  corresponding 
diameters  i6"7  and  i3"'9. 

Jan.    I,  E.A.  15*"  36"-3,  Dec.  16°  32'  S.,  tr.  20*"  55™,  rises  16**  19" 
Jan.  31,  18    4  •!,  21   50  S.,       21  25  17    20 

Mars  is  advancing  from  Aries  to  Taurus.  His  diameter  is  i4"-6 
on  Jan.  i  and  io"*8  on  Jan.  31,  and  the  illuminated  portion  of 
the  disk  0*908  on  Jan.  15.  Period  of  rotation  i*'025  =1*  o**'6o ; 
Hourly  rotation  I4°'62  ;  Pos.-angle  of  axis  142°;  Lat.  of  centre  of 
disk  17°  S. ;  Spring  equinox  of  Mars^s  Northern  hemisphere  on 
Jan.  2 1  [from  Mr.  Marth's  ephemeris]. 

Jan.    I,  E.A.  2^  46»-s  Dec.  17®  55'  N.,  tr.  8**    3",  sets  15**  44" 
Jan.  31,  3   24  •!  20   38  N.,       6  43  14  41 

Jupiter  is  an  evening  star,  in  Aquarius. 

Jan.    I,  E.A.  22**  44""7,  Dec.  9°  12'  S.,  tr.  4*"    2"*,  sets  9    19" 
Jan.  31,  23     7  '2,  6    50  S.,       2   27  7    56 

Saturn  is  an  evening  star,  in  Pisces,  advancing  slowly. 

Jan.    I,  R.A.  o^  38»-2,  Dec.  i**  25'  N.,  tr.  5**  55"  sets  i2»»    6" 

Jan.  31,  o  44  If  2    15  N.,       44  10   19 

Outer  Bing.  Inner  Bing.  BalL 

Mig.  Axis.    Min.  Axis.  11^.  Axis.    Min.  Axil.  Diam. 

Jan.  15...  39"-o8         S"-48  25"-99        3"-64  is"-7 

^  Feb.   4...  37  "90        S  7^  25  -20        3  -84  15  'i 

The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
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above  their  plane  being  8°  4'  S.  on  Jan.  15  and  8**  47'  S.  on  Feb- 
4,  and  of  the  Sun  10°  32'  S.  and  10°  49'  S. 

Uranus  is  in  Leo,  about  16"/  and  50'  s  oi  p  Leonis. 
Jan.    I,  BA.  lo*^  43"- 1,  Dec.  8°  59'  N.,  tr.  i5»»  58« 
Jan.  31,  10  40  -o,  9    19  N.,       13    57 

N^tune  is  stationary  in  Aries,  in  quadrature  on  Jaa.  29. 
Jan.  I,  R.A.  2^  3o"*2,  Bee  12°  54'  N.,  tr.  7**  47" 
Jan.  31,  2   29  -9,  12   55  N.,       5   49 


G.M.T. 

h    m 

Jan.    I     7  47  J.  i  Ec.  B. 

3  13  49  [4006]  Oc.  B.  294® 

6  7  38  J.  ii  Ec.  B. 

7  7  31  J.  iii  Tr.  E. 

20  15  [5197]  Oc.  B.  228° 

8  6  22  J.  i  Oc.  D. 

9  5  51  J.  iTr.  E. 
13     5  25  J.  ii  Oc.  D. 

16  5  10  19  Piscium  Oc.  D. 

5  33  J.  i  Tr.  I. 

17  5   12  J.  iv  Ec.  D^ 

6  6  J.  i  Ec.  B. 
18 


G.  M.  T. 

h     m 
Jan.  20     7     4  e  Arietis  Oc.  D. 
8  25 Oc.  B.  272^ 

22  6  14  J.  ii  Tr.  E. 
15     5  [1518]  OcD. 

23  M  48  132  Tauri  Oc.  D. 

25  6  28  J.  iii  Oc.  B. 
6  33  J.  iii  Ec.  D. 

26  14  49  (i*  Cancri  Oc.  D. 

28  II     15    [3407]  Oc.  B.  2  21^ 

11  29  TT  L3onis  Oc.  D. 

12  37  Oc.  B.  212°. 

29  6  1 1  J.  ii  Tr.  I. 
31     6  56  J.  i  OcD. 


5  40  J.  iii  Ec.  B. 

Abbreviations : — J.  i,  Jupiter's  ist  Satellite ;  [4006],  B.  A.  C. 
4006. 

Oc.  Occultation.     D.  Disappearance.     Tr.  I.  Transit  Ingress. 

Ec.  EcliDse.  B.  Beappearance.      Tr.  E.  Transit  Egress. 

The  angles  are  reckoned  from  the  apparent  N.  point  towards  the 
right  for  the  inverted  image.  Editoe. 


Satellites  of  Saturn, 
Mr.  W.  E.  Coopbb,  The  Mount,  Worcester,  has  prepared  a  sheet 
of  diagrams,  based  on  Mr.  Marth's  ephemeris,  showing  the  posi- 
tions of  the  five  inner  satellites  at  8*^  G.  M.  T.  for  the  mon&  of 
January.  According  to  Mr.  Common's  observations  [*  Observa- 
tory,' No.  33,  p.  263]  Mimas  is  from  i^**  to  2**  in  advance  of  the 
positions  here  given* 


Publications  received: — Agnes  Gibeme,  Sun^  Moon,  and  Stars, 
with  a  preface  by  Prof.  Pritchard  (Seeley,  Jackson,  and  HaDidayl 
price  5s.) — ^A.  d'Abbadie,  Discours  prononce  au  nom  du  Bureau  des 
Longitudes  (Eirmin-Didot,  Paris)— Otto  Struve,  TabuUB  Quantita^ 

turn  Besselianarum  1880-1884  (St.  Petersburg,  1879) O.  Back- 

lund,   Erscheinung  des  Enck^schen  C&meten  in  1878  (Acad,   des 
Sciences  St.  Petersburg,  1879,  April).  Editoe. 
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T.  COOKE   &   SONS, 

BUCEINOHAH  WOBES,  TORE, 

undertake  the  Manufacture  of  BQTJATOEEAL  and  other  TELE- 
SCOPES, OBSERVATOEIES,  TKANSIT-INSTETJMENTS,  SPEC- 
TROSCOPES, THEODOLITES,  LEVELS,  ASTRONOMICAL,  ELEC- 
TBIC  and  TUEEET  CLOCKS,  ELECTEIC  CHEONOGEAPHS,  and 
other  Optical  and  Scientific  Instruments. 

AIRY'S    DOUBLE-IMAGE    MICROMETER 

WITH  DIVIDED  LENS, 

£8  lOs. 

Mb.  Hilobr  has  a  6pbcial  Machute  for  catting  the  Micboxetee-Scbewb, 
and  has  had  25  years'  experience  in  this  kind  of  work  for  the  principal 
Observatories,  so  that  he  can  warrant  the  quality  of  his  screws  to 
be  superior  to  that  of  screws  made  by  any  other  manufacturer  of 
Pirst-ciass  reputation. 


ADAM    HII.GER9 

192  TOTTENHAM  COURT  ROAD,  W. 


Just  published,  in  8vo,  price  21s. ;  with  lUnstoitions. 

HANDBOOK    OF    DOUBLE    STARS, 

WTTH  A 

CATALOGUE  OF  1200  DOUBLE  STARS 

AND 

EXTENSIVE  LISTS  OP  MEASURES, 

FOB  THE  U6E  OF  AMATEUB8. 

BY 

EDWAED  CROSSLET,  r.R.A.S.,  JOSEPH  GLEDHILL,  FJLA.S., 
Ain)  JAMES  M.  WILSON,  M.A,  F.RA..S. 

MACMILLAN  &  Co.,  LONDON. 

ASTRONOMICAL  TELESCOPES. 

OALTEB'S  £2&  IPORTJlBLE  EQTJATOBBAL,  oomplete  with  powers,  six-indi  tpe- 
culam  of  the  finest  quaUty,  revolTing  hour-circle  with  three  Temieis  reading  to 
6"  of  time,  dedination  to  4'  of  arc,  fine  screw-motion. 
Photograph,  with  Hints  on  Silyered-Ghiss  Beflectiog  Telescopes,  9  stamps. 
O.  CALVBR,  P.RJL.S.,  HiU  House,  Widford,  Chelmsford, 

The  5^inch  Popular  Telescope  from  ^15  Ids, 
A  VBRT  riNB  154-iN.  EQUATOBEAL  with  OLOOK  fob  SALE. 

BUTHEBFTTRD'S  PHOTOaRAPHS  OF  THE  MOON. 

FIRST  AND  LAST  QUAETERS  AND  FULL. 
Eleren  inches  in  diameter,  in  Portfolio,  with  Beer  and  Biadler*s  Map.    Price  21s. 

A.  BBOTHEBS,  14  St.  Ann's  Square,  Manchester. 
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Taken  with  a  36-inch  Beflector. 


A.  A.  COHMON. 
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THE    OBSERVATORY, 

A   MONTHLY   KEVIEW   OF   ASTRONOMY- 

No.  84,  FEBRUARY  1.  188a 

MEETING  OP  THE  ROYAL  ASTRONOMICAL  SOCIBTY- 
Friday,  x88o,  January  9. 

LoBD  LnTDSAT,  M.P.,  F.R.S.,  Ac.,  President,  in  the  Chair. 

Seeretariei :  Mr.  J.  W.  L.  Glaisheb,  M.A.,  F.R.S.,  and 
Mr.  A.  GowpEB  Raktabd,  M.A. 

Mb.  Glaisheb  reported  that  42  presents  had  been  received,  in- 
doding  a  copy  of  the  *  IJranometria  Argentina '  from  Professor 
Ooold. 

Oapt.  Noble,  I  am  extremely  unwilling  to  intrude  upon  the  time 
of  the  Society  with  a  purely  personal  matter ;  but  my  excuse  for 
doing  so  must  be  founa  in  the  fact  that  it  is  a  matter  which,  to  a 
oertain  extent,  affects  the  conduct  of  the  Society  itself.  I  am  afraid 
tome  of  those  present  at  the  Meeting  in  November  will  remember 
that  in  a  moment  of  irritation  I  was  betrayed  into  the  use  of  the 
phrase  **  pot-house  abuse,*'  with  reference  to  a  certain  interruption. 
The  discussions  of  this  Society  are  reported  in  two  or  three  Astro- 
nomical journals,  and,  among  others,  in  a  publication  called  the 
*  Observatory.'  Mr.  Christie  sent  me  a  proof  of  my  remarks  at 
the  November  meeting  for  revision  in  this  j^aper,  and  through  this 
most  objectionable  phrase  I  ran  my  pen,  with  a  marginal  request 
or  note  that  it  was  to  be  struck  out ;  but  for  some  reason  (which,  no 
doubt,  Mr.  Christie  will  be  perfectly  able  to  explain*)  I  suppose 
he  printed  it.  I  do  not  know  the  paper;  I  never  see  it;  and 
therefore  whether  it  was  printed  or  not  I  should  not  have  known, 
but  for  a  circumstance  that  has  since  occurred.  It  must  have  been 
printed,  because  some  one's  notice  was  directed  to  my  objectionable 

*  [We  think  it  desirable  that  a  correot  report  of  the  soenee  which  have  mora 
than  once  taken  place  at  our  Meetings  ^oold  be  given  to  the  FeUows  generaUj, 
in  order  that  puuio  opinion  may  operate  as  a  dieck  on  such  onseemlj  language. 
We  are  glad  to  see  that  our  action  has  called  forth  a  tardy  apology ;  and  this 
iniiBt  be  our  justifloation  to  the  Astronomical  world  for  "  washing  our  dirty  linan 
ia  pablio."— Bd.] 

TOL.  m.  T 
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form  of  speech,  and  in  a  yerj  roundabout  way  I  have  heard  of  this. 
Now  that  I  have  heard  of  it,  and  now  that  my  attention  has  been 
drawn  to  it,  I  have  no  hesitation  whatever  in  saying  that  it  was  a 
form  of  expression  which  no  amount  of  provocation  would  justify. 
(Applause.)  And  believinff  that,  I  most  unhesitatingly  withdraw 
it,  and  express  regret  that  I  should  have  been  irritat^  into  using 
so  very  unparliamentary  a  form  of  expression.    (Hear,  hear.) 

Mr,  Banyard  read  a  paper  by  Mr.  Pratt  on  th^  **  Jlototion  period 
6i  Jupiter." 

The  President,  I  think  the  Society  will  pardon  me  if  I  tell  them 
that  I  have  taken  tho4iberty^  asking  Dr.  Huggins  to  communicate 
to  us  this  evening  some  of  the  results  which  he  has  already,  unfor- 
tunately, sent  to  another  Society ;  and  therefore  it  can  only  be  by 
the  invitation  of  the  members  present  that  he  can  bring  them 
forward  to  us  this  evening.  (Hear,  hear.)  I  feel  certain  you  will  be 
interested. 

Dr,  Huggins,  My  Lord  President,  I  have  great  pleasure  in 
giving  a  short  account  of  some  results  which  I  have  obtamed  during 
the  last  four  years  on  the  ultra-violet  portion  of  the  spectra  of  stars. 
I  will  state  first  in  a  few  words  the  general  form  of  apparatus  which 
has  been  employed.  It  will  be  obvious  that  it  is  not  very  easy  to 
obtain  photographs  of  the  spectra  of  stars,  because  the  light  of  a 
star  when  spread  out  by  dispersion  to  form  a  spectrum  become 
extremely  faint,  especially  if  a  narrow  slit  is  used  for  the  purpose 
of  accurately  noting  the  position  of  the  lines  afterwards,  by  com- 
parison with  the  solar  or  a  terrestrial  spectrum.  Another  circum- 
stance (as  even  those  who  are  in  the  habit  of  using  the  best  clocks 
will  admit)  increases  this  difficulty,  namely,  that  it  is  not  an  easy 
matter  to  keep  the  image  of  a  stsur  upon  a  slit  so  narrow  as  the 
I -3  50th  part  of  an  inch  for  one  hour  together.  It  was  therefore 
of  ^;reat  importance  to  determine  the  form  of  spectrum-apparatua 
which  should  give  a  minimum  spreading  out  of  the  light  of  the 
star  compatible  with  a  very  detailed  spectrum,  a  spectrum  showing 
distinctiy  the  finer  lines.  After  trying  several  different  arrange- 
ments, I  adopted  a  form  of  spectrum-apparatus  which  consists  of 
one  prism  of  Iceland  spar  (I  need  not  say  it  is  desirable  not  to 
emptoy  any  glass)  which  is  very  transparent  to  the  ultra-violet 
rays,  yer^  nearly  as  much  so  as  quartz,  but  possessing  a  much 
greater  dispersive  power,  so  that  a  prism  of  Iceland  spar  of  60°  is 
equal  to  a  prism  01  dense  fiint  glass  of  the  same  angle.  The  Ibises 
were  of  quartz ;  and  the  spectrum-apparatus  was  provided  with  a 
slit  of  the  width  of  i-35otb  of  an  inch.  With  this  apparatus  i^ 
length  of  the  portion  of  the  spectrum  between  Qt  (the  commence- 
ment of  this  map)  and  O  in  tne  ultra-violet  is  half  an  inch ;  ygt  in 
this  small  spectrum,  by  means  of  a  magnifying-glass,  at  least  >eii 
lines  can  be  seen  between  the  lines  H  and  K.  I  mention  this  to  show- 
that  the  strong  lines  in  the  photographs  do  not  arise  from  any  want 
of  definin^-power  of  the  apparatus.  This  spectroscope  was  placed  at 
the  priBcapal  foeua  ef  the  x8-ineh  mnov  of  the  C^assc^H^ain  telifoope 
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belonging  to  the  Boyal  Society,  at  present  in  my  hands.  The  small 
mirror  was  removed  and  the  spectroscope  placed  so  that  the  slit 
should  be  at  the  principal  focus  of  the  speculum.  There  was  an 
arrangement  by  which  the  slit  should  be  brought  precisely  to  the 
focal  point,  which  was  found  to  be  essential  to  good  definition,  and 
also  by  which  the  axis  of  the  collimator  could  be  placed  in  the  op- 
tical axis  of  the  mirror.  Then  came  the  difficulty  of  bringing  the 
image  of  the  star  precisely  upon  any  part  of  the  slit,  and  also  of 
maintaining  it  there,  and  not  allowing  it  to  go  off  on  one  side  or 
on  the  other  during  the  whole  time  of  exposure.  This  difficulty  I 
pyercarae  by  a  simple  but  efficient  device,  which  consists  essentially 
in  fixing  in  front  of  the  slit  a  silver  plate  highly  polished,  with  a 
small  longitudinal  opening  rather  larger  than  the  slit  itself,  and 
also  placing  in  the  opening  of  the  large  mirror  a  small  Galilean 
telescope.  Artificial  light,  after  passing  through  yellow  glass,  was 
thrown  upon  the  silver  plate.  Li  looUng  through  the  small  Gali^ 
lean  telescope  you  see  the  silver  plate  and  the  slit  distinctly,  and 
also  the  image  of  the  star  as  a  bright  point ;  and  therefore  by  means 
of  motions  of  the  equatoreal  tUs  bright  point  can  be  brought 
exactly  on  any  part  of  the  slit,  and  by  supervision  during  the  whole 
time  of  the  exposure  can  be  accurately  kept  there.  Different  pho* 
tographic  methods  were  employed,  but  ultimately  the  extreme  sen* 
sitiveness  of  gelatine  plates  lea  to  the  adoption  of  that  form  of  pre* 
paration.  The  photographs  were  afterwards  examined  under  a  low* 
power  microscope  to  which  a  micrometer  was  attached,  giving  the 
means  of  measuring  with  accuracy  to  the  looth  part  of  the  distance 
between  H  and  K.  The  wave-lengths  of  the  lines  were  determined 
by  the  graphic  method,  making  use  of  Comu's  map  of  the  ultra* 
violet  part  of  the  solar  spectrum,  and  Mascarf  s  wave-lengths  of  the 
lines  ci  cadmium. 

fBy  the  courtesy  of  the  proprietors  of  •  Nature '  we  are  enabled 
to  give  on  Plate  IV.  Dr.  Huggins's  diagram  showing  the  solar  spec- 
trum and  spectra  of  stars  from  his  photographs,  and  below  Comu's 
map  of  the  Ultra-violet.] 

When  you  look  at  the  spectra  of  the  stars  which  may  be  consi- 
dered as  the  most  typical  of  white  stars,  you  see  at  a  glance  the 
peculiar  rhythmical  arrangement  in  the  grouping  of  the  12  strong 
nnes  which  essentially  m^  up  this  part  of  their  s{)ecti*um.  The 
distance  between  the  lines  decreases  as  the  ref rangibility  increases, 
suggesting  that  this  group  of  lines  indicates  some  one  substance.  The 
firat  of  these  lines  coincides  with  the  line  of  hydrogen  near  G,  the 
second  line  with  the  line  h  of  the  solar  spectrum — this  line  is  also 
a  line  of  the  hydrogen  spectrum — and  the  third  line  with  H.  The 
line  K,  which  is  equally  oroad  in  the  solar  spectrum,  is  either  absent 
op^J^resented  by  a  fine  line,  which  can  only  just  be  perceived  in 
the  pnotograph.  Then  come  nine  strong  lines,  which  do  not  coin* 
dde  with  any  strong  lines  in  the  solar  spectrum.  The  spectrum 
does  not  end  with  those  lines,  but  may  be  traced  on  the  plates,  even 
beyond  S.    But  there  are  no  more  lines;  they  seem  to  stop  sud- 
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deal  J.  These  lines  appear  U  belong  to  one  substance ;  and  two  of 
them  at  least  belong  to  hydrogen.  There  is  a  line  in  the  photogra- 
phic spectrum  of  hydrogen  at  H*  Mr.  LocWer  has  pointed  out  its 
coinciaence  with  H,  and  it  is  in  the  maps  of  Mr.  (kpron ;  and  I 
have  it  also  in  my  photographs  of  the  hydrogen  spectrum.  I  have 
been  able  to  trace  in  some  photographs  of  the  hydrogen  spectrum 
fine  lines  near  the  positions  of  some  of  the  other  lines ;  and  I 
think,  therefore,  there  is  a  very  considerable  probability  that  these 
lines  do  represent  either  hydrogen  as  we  know  it  or  in  some 
other  condition. 

The  two  lines  U  and  K  coincide  with  two  strong  lines  in 
the  spect^m  of  calcium.  It  was  therefore  extremely  interesting 
to  see  if  a  second  pair  of  calcium  lines,  which  are  more  refran- 
gible, coincide  in  position  with  any  of  the  strong  lines  in  this 
class  of  stars.  They  are  near  two  lines,  but  do  not  coincide 
with  the  stellar  lines.  This  circumstance  diminishes  the  pro- 
bability that  the  whole  group  of  lines  belongs  to  the  spectrum, 
of  calcium. 

The  other  stars,  also  of  the  white  class — i}  TJrssD  Majoris,  o  Yir- 
ginis,  a  Aquilte,  and  a  Cygni — ^I  have  arranged  in  the  order  in 
which  they  appear  to  differ  from  what  one  may  regard  aa  the 
typical  spectrum.  You  will  see  that  though  the  same  lines  are 
present  in  all  the  stars  of  this  class,  they  become  narrower  and 
more  defined  at  the  edge — at  the  same  time  other  lines  come  in.  The 
second  line,  corresponding  to  K,  becomes  stronger  than  in  the  typical 
stars,  showing  an  approach  towards  the  solar  type.  In  the 
spectrum  below  we  have  that  of  Arcturus,  which  resembles  the 
solar  type ;  but  if  respect  is  had  to  the  relative  thicknesses  of  the 
lines  H  and  K,  this  spectrum  may  be  considered  to  be  on  the 
other  side  of  the  solar  type  in  the  order  of  change  from  this  typical 
form,  the  line  K  being  broader  than  it  is  in  the  solar  spectrum 
relatively  to  the  thickness  of  H.  It  seems  by  no  means  impossible 
that  these  various  changes,  which  are  presented  in  this  map,  may 
indeed  represent  the  order  of  the  changes  in  time  through  which 
any  sun  passes.  It  is  by  no  means  an  impossible  case  that  Vega 
and  Sirius,  being  two  of  the  whitest  stars,  may  be  in  the  earliest 
condition;  whUe  Arcturus,  being  yellower  than  the  Sun,  may 
probably  be  on  the  other  side  of  our  Sun  in  the  order  of  departure 
from  the  type  of  Vega.  I  have  here  a  small  photograph,  taken 
directly  by  superposition  from  one  of  the  negatives  (which  can  be 
handed  round),  of  the  two  stars  i}  Ursae  Majoris  and  Vega. 

I  omitted  to  state  that  the  slit  has  two  shutters ;  so  that  after 
the  spectrum  of  a  star  has  been  photographed  on  the  plate,  one 
shutter  can  be  closed  and  the  other  opened,  and  a  second  spectrum 
taken  on  the  same  plate,  so  as  to  serve  as  a  comparison-spectrum. 
This  may  be  either  the  solar  spectrum  or  a  spectrum  taken  from 
the  Moon  or  the  spectrum  of  a  known  star,  or  the  apparatus  can 
te  removed  and  a  terrestrial  spectrum  can  be  tiUcen.  With 
the  same  apparatus  spectra  of  the  planets  were  taken.    The 
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plan  adopted  was  that  which  I  employed  in  1864  with  the  naked 
eye,  viz.  to  observe  the  spectrum  before  it  was  dark ;  so  that  with 
a  long  slit  upon  the  photographic  plate  you  have  a  broad  spectrum 
giving  the  spectrum  of  the  sky,  and  a  narrow  and  more  intense 
spectrum  which  is  due  to  the  light  of  the  planet.  In  this  way 
any  difference  between  the  light  of  the  planet  and  that  of  the 
sky  would  be  at  once  perceived.  I  have  obtained  in  this  way 
the  spectra  of  Venus,  Mars,  and  Jupiter ;  but  there  is  no  indication 
whatever  of  any  difference  or  of  any  modification  of  the  solalr 
spectrum  in  the  region  from  O  to  O. 

With  my  apparatus  I  have  also  taken  spectra  of  small  poftions 
of  the  Lunar  surface,  but  hitherto  without  any  indication  of  a 
lunar  atmosphere.  This  apparatus,  by  enabling  me  to  take  a  very 
small  area  or  restricted  portion  of  a  heavenly  body,  is  specially 
suitable  for  taking  photographs  of  the  spectra  of  different  portions 
of  sun-spots.  I  hope  shortly  to  apply  my  method  in  this  direction. 
I  think  it  may  also  be  possible  to  get  lines  in  the  ultra-violet 
portion  of  the  spectrum  of  gaseous  nebulse.    (Applause.) 

Mr.  Christie,  I  think  there  cannot  be  two  opinions  as  to  the  im- 
portance of  Dr.  Huggins's  work  on  the  ultra-violet  part  of  the 
spectra  of  stars.  I  must  confess  myself,  when  he  first  mentioned 
to  me  that  he  was  taking  up  the  question  of  photographing  the 
spectra  of  stars,  I  hardly  expected  that  he  would  get  much  in  the 
way  of  important  results,  on  account  of  the  difficulties  in  obtaining 
any  thing  by  photography.  But  now  I  have  great  pleasure  in 
recognizin|^  how  much  he  has* done.  One  important  part  of  his 
work  is,  of  course,  that  he  has  extended  the  spectrum  to  a  part 
which  cannot  be  examined  with  the  eye ;  and  that  is  a  matter  of 
very  great  importance.  There  are  other  points,  too.  He  has  also 
got  permanent  records  of  the  relative  intensities  of  the  lines ;  and 
that  is  a  matter  much  neglected  by  observers,  and  in  which  there 
is  a  great  difficulty  in  obtaining  any  certainty  except  in  a  photo- 
graph, which  nobody  can  gainsay.  It  is  a  matter  of  great  unpor- 
tance  thus  to  arrange  the  spectra  of  stars  in  order  of  merit,  so  to 
speak,  and  certainly  a  very  great  point  gained,  because,  although 
Secchi  had  classed  the  stars  in  types,  he  did  not  go  to  the  extent 
that  Dr.  Huggins  has  done,  and  did  not  differentiate  between  stars 
of  the  same  type — that  is,  stars  of  the  white  class.  Further,  the 
very  important  point  is  brought  out  that  there  is  a  difference 
between  the  characteristic  behaviour  of  the  two  lines  supposed  to 
be  due  to  calcium,  H  and  K.  That  is  an  important  scientific  fact 
that  Dr.  Huggins  has  established.  There  is  one  other  point  which 
has  struck  me,  though  Dr.  Huggins  has  not  alluded  to  it,  and  that 
is  that  in  the  visible  part  of  the  spectrum  of  a  Aquilie  the  F  line 
in  particular  is  very  broad ;  broader  than  in  Vega  or  Sinus — ^at 
any  rate  it  is  a  star  we  have  had  the  greatest  difficulty  in  measuring 
in  our  attempts  to  determine  the  proper  motions  of  the  star  in  the 
line  of  sight,  in  continuation  of  Dr.  Huggins's  work — ^yet  in  this 
photograph  of  the  ultra-violet  it  appears  that  the  lines  of  this  star 
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are  sharp.  That  b  a  rerj  important  point,  it  seemB  to  me ;  and  it 
is  a  matter  that  deserves  some  further  discussion,  that  we  should 
have  the  spectrum  of  a  star  belonging  apparently  to  one  type  in 
the  visible  part  and  to  another  iype  in  the  ultra-violet.  I  should 
like  to  ask  one  question  of  Dr.  Huggins  as  regards  his  diagram ; 
and  l^at  is,  whether  the  breadth  of  the  H  line  is  represented 
throughout  in  its  proper  proportions,  and  whether  the  H  line 
is  broader  in  the  Sun,  and  in  Vega,  and  Sirius,  and  Arcturus  than 
in  the  other  stars,  particularly  a  Aquil®  and  a  CygnL 

Mr,  Banyard,  I  should  like  to  ask  Dr.  Huggins  cme  or  two 
questions,  in  addition  to  the  information  he  has  given  to  us.  I 
think  I  understood  him  to  say  he  found  no  di^rence  in  the  speo- 
trum  of  different  parts  of  Jupiter.  There  is  such  a  great  difference 
in  the  photographic  action  of  the  difierent  parts  of  the  disk  of 
Jupiter — ^the  belts,  and  so  on — ^that  one  woula  have  expected  there 
would  have  been  some  difEerence.  Do  I  understand  tiiat  in  the 
whole  breadth  of  the  spectrum  of  the  planet  there  is  no  difference  ? 
I  should  like  to  know  abo  how  fails  former  observations  wit^ 
regard  to  Uranus  are  borne  out,  and  whether  he  has  been  able  to 
obtain  any  photograph  of  the  spectrum  of  Uranus  bearing  out  the 
existence  of  bright  lines.  I  should  like  further  to  know  wheth^ 
he  has  arrived  at  any  new  facts  with  regard  to  the  H  lines  being 
connected  with  the  groups  of  lines  which  fall  within  them  in  the 
Solar  spectrum,  or  whether  it  appears  to  him  that  the  solar  H  line 
must  be  considered  as  groups  of  small  lines  with  a  shading  over 
them,  and  of  quite  a  different  origin  from  the  smaller  lines. 

Mr.  Nelson.  I  should  like  to  ask  Dr.  Huggins  a  question ;  and  I 
should  not  have  risen  to  have  said  any  thing  ^  Dr.  Huggins  had  not 
touched  upon  a  pet  subject  of  mine  in  regard  to  the  Moon  and  its 
atmosphere.  Now  Dr.  Huggins  said  he  observed  the  Moon,  and 
is  unable  to  find  any  indications  of  an  atmosphere.  I  should  like  to 
ask  whether  it  is  not  true  that,  supposing  the  Moon's  atmosphere 
was  found  to  be  of  a  similar  nature  to  our  own,  we  should  not 
expect  to  see  any  thing,  because  the  effect  which  that  atmosphere 
would  produce  on  the  spectrum  would  be  masked  by  the  similar 
effect  produced  by  the  much  greater  amount  of  our  own  atmo- 
sphere through  which  it  must  pass. 

In  reply  to  the  invitation  of  The  President^ 

Mr.  Band  Capron  said :  I  have  listened  with  much  pleasure  to 
Dr.  Huggins's  remarks.  I  have  had  no  experience  in  pnotograph* 
ing  any  of  the  spedra  of  the  celestial  bodies  ;  but  I  have  had  some 
experience,  as  possibly  you  know,  in  photographing  the  spectra  of 
the  metals  and  the  gases.  With  reference  to  one  of  the  questions 
put  to  Dr.  Huggins — that  is,  as  to  the  breadth  of  the  H  Ime  in  the 
spectrum — ^I  would  venture  to  express  an  opini(m  that  it  is  a 
question  of  the  pressure  exercised  upon  the  gas  at  the  time.  I 
*  have  not,  of  course,  at  present  heard  Dr.  Huggins's  answer  as  to 
the  width  of  the  H  line  as  shown  on  the  diagram ;  but  I  rather 
assume,  from  what  Dr.  Huggins  has  told  us,  that  these  lines  are 
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r^reeented  on  the  diagram  approzimatelj  as  they  appear  npon  the 
photo^phs — that  is  to  say,  they  are  wider  in  the  Sun  and  Vega 
and  Sirios  than  they  are  in  the  other  stars.  There  is  nothing  else 
occurs  to  me  at  present,  except  to  notice  the  extremely  ingenious 
method  that  seems  to  have  been  adopted  to  keep  the  starnjpectrum 
upon  the  slit ;  and  also,  what  Dr.  Muggins  has  rather  modestly 
overlooked,  the  fact  that  I  can  speak  to  from  experience  with  much 
more  manageable  objects  than  stars — ^the  extreme  difficulty  of 
getting  in  these  photographs  the  minutias  of  detaU,  which  are  some- 
thing wonderful.  I  think  it  ought  to  be  a  matter  of  congratulation 
that  Dr.  Huggins  has  gone  to  the  great  extent  that  he  has  in  hii 
researches. 

Mr.  Bidder.  May  I  suggest  that  the  diagram,  to  my  mind,  brings 
out  very  prominently  the  fact  that  lines  which  have  a  common 
origin  may  behave  very  differently  imder  different  conditions^ 
which,  I  suppose,  however,  is  not  a  novelty.  Assuming  that  the 
diagram  is  correct,  no  one  can  doubt  for  a  moment  that  the  12  lines 
which  are  shown  in  the  spectrum  of  Vega,  and  the  corresponding 
lines  which  appear  in  the  other  spectra,  are  attributable  to  one 
common  origm;  but  it  is  prominently  brought  forward  by  the 
diagram  how  differently  certein  of  these  lines  behave  under  certain 
conditions  that  presumably  exist  in  the  other  stars,  particularly  as 
regards  the  three  at  the  most  refrangible  end,  which  entirely  dis- 
appear in  Sirius  and  almost  disappear  in  two  others  and  in  the 
remainder  are  comparatively  insignificant.  I  have  only  to  express, 
further,  a  hope  that  the  diagram  may  be  reproduced  in  the '  Monthly 
Notices,'  as  1  think  it  is  quite  worthy  of  it. 

Mr.  Common.  Before  Dr.  Huggins  replies,  I  should  like  to  ask 
one  question,  if  too  many  have  not  been  already  put ;  that  is,  as 
regaitis  getting  a  certain  definite  width  in  the  spectrum.  Is  it 
done  by  a  cylindrical  lens,  or  how  ?  because  an  ordinary  star's 
imt^e  would  only  give  the  spectrum  as  a  line. 

Dr.  Huggins.  The  method  of  giving  width  to  the  slit  is  not  by 
means  of  a  cylindrical  lens,  which,  for  several  reasons^  I  wished  to 
avoid ;  but  after  the  star  has  been  allowed  to  remain  upon  one 
portion  of  the  slit  for  a  sufficient  time  to  form  a  spectrum,  it  is  then 
Inoved  a  little  in  declination,  thus  joining  to  the  former  one  a 
second  spectrum-    In  this  way  you  can  get  any  breadth  you  wish. 

"With  regard  to  Mr.  Christie's  question,  my  intention  has  been 
to  represent  relatively  the  character  of  these  lines ;  but  this  diagram 
does  so  in  rather  an  exaggerated  degree,  being  intended  to  be  seen 
from  a  distance  j  but  in  the  diagram  I  have  sent  in  to  the  Eoyal 
Society  these  differences  of  character  of  the  lines  are  given  with 
great  accuracy,  the  principal  points  being  that  in  Vega  and  Sirius 
the  first  line  "  H  "  is  about  the  same,  I  should  say,  as  in  the  solar 
spectrum.  When  you  come  to  1;  Urste  Majoris  it  will  be  seen  a 
little  narrower  and  defined  at  the  edges  and  still  more  so  in 
aVirginis. 
^    I  tMnk  the  next  questions  were  those  of  Mr.  Banyard.    The 
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spectrum  of  Jupiter  was  taken  when  the  red  spot  was  on  Jupiter, 
but  the  spot  was  near  the  limb.  I  have  not  yet  been  able  to  get 
a  photograph  of  the  spectrum  of  Uranus.  With  reference  to  Mr» 
Neison's  question,  I  do  not  see  the  force  of  his  reasoning.  It  is 
well  known  the  difference  in  the  effect  of  the  earth's  atmosphere 
on  the  spectrum  is  great  between  looking  at  the  Sun  at  a  high 
altitude  and  looking  at  the  Sun  when  he  is  low.  If  jou  look  at 
the  Moon  at  high  adtitude,  you  have  a  very  small  effect  from  the 
earth's  atmosphere ;  but  if  the  Moon  has  a  similar  atmosphere, 
tiien  the  Sun  s  light  going  to  the  Moon's  surface  and  back  again 
passes  twice  through  the  Moon's  atmosphere  and  would  certainly  add 
creatly  to  the  effect  of  the  earth's  atmosphere,  and,  even  though 
it^might  produce  the  same  modifications,  would,  I  think,  certainly 
be  perceived  under  these  circumstances.  I  do  not  wish  for  a 
moment  to  say  that  these  observations  are  antagonistic  to  a  lunar 
•  atmosphere ;  they  are  simply  negative  as  to  its  existence. 

Mr.  Banyard  reminded  Dr.  Huggins  of  his  question  whether 
the  H  lines  in  the  solar  spectrum  were  a  |roup  or  not. 

Dr.  Huggins.  I  cannot  form  a  certain  opmion ;  but  the  probability 
would  be,  I  think,  that  the  line  H  in  the  solar  spectrum  has  a 
number  of  fine  lines  in  it  accidentally,  in  consequence  of  the  lines 
falling  there,  but  probably  not  physically  connected  with  it. 

The  Presidtnt.  I  am  sure  the  Pellows  of  the  Society  will  accord 
their  warm  thanks  to  Br.  Huggins  for  his  most  interesting  papers 
(Applause.) 

Mr.  Christie  read  a  paper  "On  the  systematic  errors  of  the 
Greenwich  North  Polar  Distances  from  1836  to  1878,"  in  whidi 
the  determination  of  the  co-latitude  from  circumpolar  stars,  and  the 
corrections  to  the  position  of  the  ecliptic,  were  discussed.  The  points 
to  which  attention  was  directed  were  the  flexure,  the  refractions,  and 
the  latitude.  He  had  come  to  the  conclusion  that  a  determination  of 
refractions  could  only  be  satisfactorily  made  by  comparison  with 
southern  observatories ;  and  that  there  was  no  reason  to  assume 
any  change  in  Bessel'a  refractions,  which  satisfied  the  Greenwich 
observations  with  as  much  accuracy  as  could  be  expected.  Taking 
the  observations  of  circumpolar  stars  for  1836  to  1878,  divided  into 
four  periods,  there  was  very  Httie  evidence  in  fiivour  of  a  diminu* 
tion  of  the  refractions ;  and  such  as  there  was  depended  largely  on 
the  adoption  of  the  new  law  a+^sinscos's  for  the  B— D  cor- 
rection. It  appeared,  howeyer,  tiiat  the  evidence  tended  slightly 
in  favour  of  the  old  law,  a + ^  sin  2,  which  made  the  B— D  correction 
neutralize  the  flexure.  But  for  the  particular  years  on  which  Mr. 
Stone  had  based  his  diminution  of  the  refractions,  substantially  the 
same  results  were  found  as  in  his  paper,  though  they  did  not  appear 
to  be  entitled  to  any  great  weight.  A^n,  the  latitude  deduced 
from  observations  of  tiie  Sun  gave  an  mdependent  determination 
of  the  refraction  ;  and  dividing  the  results  (corrected  for  error  of 
the  thermometer)  into  three  periods,  there  was  a  majority  of  2  to 
I  in  fayour  of  Bessel's  refractions.    And,  finally,  tiie  comparisons 
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of  the  Greenwich  observations  ixith  the  observations  at  the  Gape 
and  at  Melbourne  showed  such  decided  discordances  when  the 
diminished  refractions  were  used  that  it  seemed  almost  impossible 
to  admit  them. 

Another  question  that  was  discussed  was  the  obliquity  of  the 
ecliptic.  Two  values  of  the  secular  variation  in  the  obliquity 
of  the  ecliptic  had  been  used  in  the  *  Nautical  Almanac ' — Bessers  up 
to  1863  and  Le  Terrier's  since.  A  comparison  of  the  Greenwich 
series  of  observations  from  1836  to  1878  seemed  to  show  that  Le 
Terrier's  theoretical  value  was  supported  by  the  Greenwich  results. 
Another  point  was  that  this  comparison  afPorded  evidence  as  to 
the  law  for  E— D,  and  it  went  in  favour  of  the  old  law.  A  further 
point  was  that,  if  Le  Terrier's  value  were  adopted,  Bradley's  and 
Piazzi's  observations  of  the  obliquity  must  have  large  errors  of  i"'8 
and  i"'S  respectively.  These  were  large  quantities ;  but  still  the 
Greenwich  observations  seemed  to  show  that  they  must  be  accepted 
.as  inevitable  in  this  case. 

Mr.  Marth.  I  will  only  put  three  or  four  questions.  The  last 
group  on  the  Table  extends  to  45°  N.P.D.  Do  you  not  go  beyond  ? 
Mr»  Christie.  I  was  not  discussing  discrepancies  beyond  80°  Z.D. 
Mr.  Marih.  At  the  last  meeting  Mr.  Stone  referred  to  refractions 
beyond  85^  Z.D. ;  but  as  his  last  star  has  less  than  84^  Z.D.,  his 
investigation  bears  in  no  way  upon  the  refractions  beyond  85°  Z  J). 
The  second  question : — ^There  was  a  change  made  in  the  thermometer 
in  1858 ;  I  said  that  the  instrument  had  been  shifted  0^-8,  and  you 
have  corrected  it  by  o°*6.  What  evidence  is  there  for  the  correc- 
tion? 

Mr.  Christie.  The  correction  was  o°'7  in  1858,  bv  comparisons 
with  the  standard  thermometer;  and  I  have  applied  o°*6  for  the  ' 
period   1854-57,  assuming  that  the  error  is  progressive  roughly 
nrom  1842. 

Mr.  Marih.  Had  the  errors  of  the  thermometer  been  investigated 
in  1842  ? 

Mr.  Christie.  Not  as  far  as  I  know ;  but  the  thermometer  was 
then  new,  and,  having  been  made  with  care,  the  index-error  would 
probably  then  be  very  small. 

Mr.  Marth.  This  question  was  raised  more  than  half  a  century 
ago.  To  get  it  settled,  the  then  Board  of  Longitude,  under  Dr. 
Thomas  Young,  presented  meteorological  instruments  to  the  chief 
observatories—Greenwich,  Dublin,  Koenigsberg,  and  others.  Whe- 
ther the  instruments  were  compared  among  themselves  is  not 
known.  I  should  like  to  know  what  is  the  fistory  of  the  Green- 
wich barometers  and  thermometers  used  in  the  circle-room  from  that 
time  (1825)  to  1858.  Could  jrou  not  supply  it?  You  see  it  is  a 
very  serious  question,  because  it  affects  the  Greenwich  observations 
of  that  time.  I  mentioned  last  year  that  the  difference  between 
the  refractions  from  Bradley's  observations  and  those  which  Bessel 
deduced  from  his  own  observations  was  reduced,  by  taking  the 
errocs  of  their  meteorological  instruments  into  account,  to  o''-4 
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Fahr.  Will  you  be  so  kind  as  to  make  inquiries?  Mj  third 
question  I  will  ask  Mr.  Stone  and  Mr.  Christie.  Have  you  read 
Bessel's  own  investigation,  on  which  the  refractions  in  the  '  Tabular ' 
are  founded  ? 

Mr.  Stone.  Oh  yes. 

Mr.  Marih.  Tou  have  ?  Then  will  Mr.  Stone  be  so  good  as  to 
enlighten  me  upon  a  single  figure  ?  His  corrections  are  given  for 
five  groups.  I  should  like  to  know  how  one  of  them — say  the  last, 
which  is  +  2 "'4  or  something  of  that  kind — has  been  derived  from 
the  observations.  We  were  told  at  the  last  meeting  that  the  veri- 
fication of  the  whole  investigation  can  be  done  in  a  few  hours. 
But  who  is  clever  enough  to  do  it?  for  you  must  take  nine 
volumes  of  the  Greenwich  observations,  and  try  to  find  out  what 
has  been  done. 

Mr.  Stone.  I  said  the  other  day  that  the  observations  were  col- 
lected from  the  investigations  for  co-latitude  in  the  several  volumes 
of  the  Greenwich  observations.  I  had  applied  small  corrections-, 
depending  upon  the  division  errors  that  were  adopted. 

Mr.  Marth.  I  beg  your  pardon.  In  your  paper  on  nutation,  in 
which  you  come  to  the  conclusion  that  the  co-latitude  may  depend 
on  the  Moon's  node,  you  make  corrections  for  the  division-errors 
for  Polaris,  though  not  sufficiently,  and  also  in  the  paper  on 
refraction.  And  will  you  be  kind  enough  to  inform  me  what 
other  corrections  beyond  those  for  division-error  you  have  applied? 

Mr.  Stone.  I  think  I  have  given  you  the  observations  you  asked 
for,  and  where  the  results  were  taken. 

Mr.  Marth.  Mr.  Christie,  will  you  be  so  good  as  to  mention  at 
Greenwich  that  the  observations  of  Polaris  are  still  corrected  for 
the  division-errors  of  the  same  lines  as  twenty  years  ago  ?  I  should 
have  been  extremely  glad  to  have  pointed  this  out  long  ago ;  and 
six  years  ago  I  made  an  appeal — 

The  President.   Possibly  we  are  getting  rather  out  of  the  record. 

Mr.  Banyard.  Perhaps  it  will  be  more  easy  to  follow  the  paper 
when  these  investigations  have  been  priiited. 

Mr,  Stone  (to  Mr.  Marth).  The  question  you  asked  me  was, 
where  I  got  my  results  from.  From  the  introductions  of  the 
several  volumes  of  the  Greenwich  observations.  With  respect  to 
the  small  question  about  o°'2  of  the  thermometer,  I  do  not  care  any 
thing  about  it — 0^*3  or  o°'4 :  you  may  take  it  or  leave  it ;  that  has 
nothing  whatever  to  do  with  it.  We  are  considering  a  far  more 
important  question  than  an  index-error  of  o^'^  or  o°'4. 

Mr.  Marth.  It  is  a  question  of  o°-8. 

Mr.  Barrow.  1  rise  to  order.  This  is  hardly  the  way  in  which 
our  discussions  ought  to  be  conducted.  We  meet  to  discuss  matters 
of  general  interest.  If  Mr.  Marth  wishes  for  any  information  from 
Mr.  Stone,  I  have  no  doubt  he  can  get  it  by  making  application  by 
letter  or  otherwise ;  but  I  think  that  the  time  of  the  Meeting  should 
not  be  taken  up  by  matters  of  controversy,  and  that,  to  the  great 
majority  of  the  members,  this  discussion  is  a  little  uninteresting. ' 
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Mr.  Stone.    Perhaps  I  may  be  allowed  to  say  one  or  two  'words. 
Oonooslj  enough,  I  had  in  preparation  a  paper  on  this  subject  for 
this  eyening,  but  it  is  unfinished.    As  far  as  I  understand  the 
question,  we  are  not  very  much  concerned  with  questions  of  even 
half  a  degree  in  our  thermometer.  A  much  larger  question  has  been 
broached  with  regard  to  these  refractions ;  that  is,  whether  BesseFs 
refractions  will  hold  over  a  lar^e  arc  of  zenith-distance  or  not.    I 
rather  tiunk  at  present  that  this  part  of  the  question  has  been  a 
little  shirked,     whether  you  take  observations  above  and  below  the 
pole,  or  take  them  towards  the  south,  when  you  get  to  85°  Z.D., 
l^seFs  refractions  with  the  constant  of  the  *Tabul89  Se^omontansD' 
will  not  represent  the  observations,  which  must  be  reduced.    But 
I  am  by  no  means  certain  that  his  theory  does  not  satisfy  the  ob- 
servations.   Bo  far  as  my  result  of  1867  went,  the  general  result 
was  to  confirm  BesseFs  refractions.    It  was  known  that  below  85*^ 
the  smaller  refractions  were  required.    The  general  result  of  my 
investigation  was  that  the  circumpolar  stars,  above,  as  well  as  below, 
85°  Z J3.  could  not  be  well  represented,  unless  the  refraction  of  the 
•Tabulae'  were  diminished  by  about  0*005  ^  Refraction ;  and  the  con- 
sequence was  that  the  whole  of  Bessers  refractions  were  chained 
moderately  well  together.    Provided  that  my  result  were  true,  we 
should  have  a  moderately  sound  foundation  in  BesseFs  theory;  and 
we  might  then  attempt  to  determine  the  constant  of  refraction 
with  the  utmost  accuracy  and  with  all  the  refinement  that  Mr. 
Marth  desires.    My  result  is  certainly  correct  so  far  as  the  mate- 
rials used  will  allow ;  and  it  was  substantially  the  same  as  that 
which  Mr.  Christie  would  get  from  the  residuals  he  has  exhibited 
in  this  room,  viz.,  a  diminution  of  about  0*004  or  0*005  ^  ^^®  '^" 
iraction.     I  have  recently  examined  the  circumpolar  observations 

f)rinted  in  the  Nine- Year  Catalogue.  It  is  stated  in  that  Cata- 
ogue  that  the  circumpolar  observations  are  not  represented  by 
these  reduced  refractions.  But  in  the  three  classes  given,  there  is 
no  indication  of  any  error  of  the  refraction.  Now  I  have  taken  the 
trouble  to  go  through  the  annual  volumes  of  observations  of  1868- 
1876,  and  formed  the  groups  not  included  in  the  introduction. 
The  residuals  are  — o"*i4,  -|-o"*23,  — o"'04,  +o"*32,  — o"-2i.  The 
last  two  groups  extend  to  46®  13'  and  48°  56'  respectively.  So 
far  as  these  observations  are  concerned,  therefore,  they  are  recon- 
ciled together  by  the  diminished  refractions,  and  this  is  using 
Bessel's  refractions  with  simply  the  diminished  mean  refractions 
without  any  other  alteration  from  the  zenith  down  to  the  lowest  star 
observed.  So  far,  therefore,  as  the  observations  from  1857  to  1865 
and  from  1868  to  1876  are  concerned,!  see  no  reason  whatever  for 
assuming  that  these  diminished  refractions  do  not  thoroughly  re- 
present the  circumpolar  observations ;  and  if  they  do  they  are  en- 
titled to  much  confidence.  I  cannot  follow  the  legitimacy  of  the 
method  Mr.  Christie  has  adopted  of  using  the  law  h  sin  z  for  R— D 
in  preference  to  the  new  one  h  cos'  z  sin  z.  The  flexure  should  be 
and  is  determined  very  carefully  by  means  of  the  opposite  colHma- 
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tors ;  and  having  determined  it,  there  is  an  end  of  it,  and  you 
cannot  after  that  introduce  another  correction  dependent  on  the 
sine.  When  my  paper  of  1867  was  written,  the  only  southern 
stars  available  were  those  observed  by  Mr.  EUery  and  his  staCE  in 
1863,  1864,  and  1865.  I  compared  these  with  the  Greenwich  ob- 
servations. They  required  apparently  the  refraction  for  Green- 
wich to  be  diminished  by  0*0033  x  refr.,  not  quite  to  the  same  extent 
as  that  found  from  the  observations  above  and  below  the  pole,  still 
in  the  same  direction.  It  was  thought  then  that  the  Greenwich 
instrument  was  more  free  from  systematic  errors  than  the  Mel- 
bourne one,  and  that  the  result  obtained  solely  from  the  Greenwich 
observations  should  be  preferred.  As  far  as  my  own  observations 
at  the  Cape  are  concerned,  they  do  not  agree  so  well  with  the  recent 
Greenwich  observations  with  the  diminished  refraction  as  with  the 
larger  value,  and  would  be  inconsistent  with  the  smaller  value, 
unless  there  are  considerable  systematic  errors  in  one  or  other 
instrument. 

The  President  Is  it  your  pleasure  to  record  your  thanks  to 
Mr.  Christie  for  his  paper  ?    (Applause.) 

Mr,  Dunhin  read  a  paper  on  the  effects  of  personality  in  the 
tabular  errors  of  the  Moon,  in  reply  to  two  points  in  Mr.  Neiaon's 
paper  on  the  same  subject,  published  in  the  last  No.  of  the '  Monthly 
Notices/  The  first  related  to  an  evident  misconception  by  Mr. 
Neison  of  the  meaning  intended  to  be  conveyed  in  a  paragraph 
contained  in  a  former  paper  by  Mr.  Dunkin,  and  the  second  to  the 
probable  insufficiency  of  the  data  employed  in  Mr.  Nelson's  com- 
parison of  the  relative  personal  equations  of  the  Greenwich  ob- 
servers, with  regard  to  the  tabular  errors  of  the  Moon  as  exhibited 
in  the  volumes  of  Greenwich  observations.  As  a  test  of  the  accu- 
racy of  Mr.  Nelson's  values,  Mr.  Dunkin  has  compared  the  errors 
of  longitude  determined  from  observations  by  Mr.  Lynn,  Ikfr. 
Downing,  and  Mr.  Thackeray,  made  in  1877  and  1878,  wit^  cor- 
responding errors  determined  from  Mr.  Criswick's  observations. 
The  result,  given  in. a  table,  scarcely  bears  out  Mr.  Nelson's  theory 
that  the  positive  personal  equations  of  the  new  observers  have  had 
a  considerable  influence  in  producing  the  comparatively  large  posi- 
tive errors  of  the  Moon  noticed  in  recent  years ;  and  Mr.  Dunkin 
therefore  considers  it  unsafe  to  found  any  particular  theory,  when 
based  on  such  small  quantities  subject  to  considerable  fluctuations 
from  year  to  year. 

Mr,  Neison  said  he  would  furnish  a  short  paper  at  a  future 
meeting  in  refutation  of  Mr.  Dunkin's  views. 

Mr,  Marih  made  an  appeal  to  the  Fellows  to  observe  the  bright* 
ness  of  Mars  towards  the  end  of  February. 

Copt,  Noble  complained  that  a  paper  bv  Mr.  Ellery  announced 
at  the  last  meeting  had  been  burked,  and  l^at  the  evening  had  been 
wasted  over  one  or  two  papers  and  in  personal  squabbles  as  to 
Observatory  details.  He  remarked  that  mathematical  papers  were 
better  read  than  heard. 
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Mr,  Banyard  remindod  Capt.  Noble  that  the  discussion  had  been 
a  very  important  one,  and  must  be  interesting  at  least  to  the  gen* 
tlemen  at  the  Obseryatories. 

The  following  papers  were  announced  :— 

C,  Todd.  Observations  of  the  Phenomena  of  Jupiter's  Satellites 
Ac.  at  the  Observatory,  Adelaide. 

W,  F,  Denning.    Meteor-showers. 

Astronomer  Eoyal.  Observations  of  Occultations  of  Stars  by  the 
Moon  and  Phenomena  of  Jupiter's  Satellites  made  at  the  Icojal 
Observatory,  Oreenwich. 

H.  Carder.    Meteor-showers  1870-79. 

C.  PriUhard.  Note  on  the  re-measurement  of  a  Lunar  Photo- 
graph, in  reply  to  Mr.  Neison's  criticism. 

6.  E.  Burton.  Changes  of  Eelative  Brightness  of  Jupiter's 
Satellites. 

T.  W.  Backhouse.  Estimations  of  the  time  of  transits  of  the  red 
mark  on  Jupiter  across  the  Central  Meridian. 

Astronomer  Itoyal.  Observations  of  the  Outer  Satellite  of  Mars 
made  at  the  Royal  Observatory,  Ghreenwich. 

A.  M.  W.  Downing.    The  Greenwich  Standard  Bight  Ascensions. 

N.  E.  Chreen.    On  some  changes  in  the  Markings  of  Mars. 

The  following  were  duly  elected  Fellows : — E.  A.  J.  Crossley, 
W.  S.  Pranks,  Arthur  Eiches,  J.  S.  Sioman,  Eev.  William  Smith, 
Don  Rafael  Rioig  y  Torres. 

The  Meeting  adjourned  at  ten  o'clock. 


The  Great  Detonating  Meteor  of  1879,  February  24*. 
Parti. 

Oh  1879,  February  24,  a  magnificent  meteor  startled  the  few 
people  abroad  about  3^  a.m.  in  East  Yorkshire  and  Durham.  The 
exact  time,  as  given  by  several  independent  observers  at  York,  was 
2.53  A.M.  by  the  Monster,  which  keeps,  pretty  approximately, 
Greenmch  time.  The  appearance  was  most  startling,  and  not 
less  so  at  Stockton.  ^There  a  blinding  light,  intensified  by  the 
glare  caused  by  the  heavy  snow,  was  accompanied  by  shaking  of 
shutters  and  rumbling  as  of  waggons  under^ound.  This  should 
not  be  forgotten  in  determining  the  meteor  s  real  course,  which 
all  other  reports  indicate  to  have  been  some  distance  away.  The 
easiest  explanation  will  probably  be  found  in  the  length  of  the 

•  Paragraphs  and  notes  in  brackets  are  by  Prof.  A.  S.  Hersdiel,  the  chief 
Additions  being  the  final  deductions,  which  the  writer  had  omitted,  not  consi- 
dering that  his  deductions,  if  uncorroborated,  warranted  the  extra  labour.  The 
calculations  haTe  all  been  verified  by  Prof.  A.  S.  Herschel,  whilst  one  or  two 
passages  are  slightly  modified  and  occasional  additions  made.  Heaoo,  ^  it 
now  stands,  the  paper  to  a  certain  extent  is  a  joint  production. 
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lABt  and  middle  parts  of  the  course,  presented  laterally  to  that 
town. 

In  all,  there  were  five  good  observations  at  York  of  the  meteor 
itself,  three  being  by  policemen,  whilst  valuable  particulars  of  the 
time-interval  and  of  the  peculiar  character  of  the  sound  of  the  ex- 
plosion have  been  received  besides. 

The  duration  or  whole  time  of  visibility  of  the  glare  of  ligU^ 
which  proceeded  from  the  meteor  is  spoken  of  as  "  perhaps  2  sec. 
(James  Backhouse) ;  as  '*  giving  time  to  look  up  and  down  the 
street  for  the  cause  and  then  seeing  it  overhead,  aescending  thence 
quite  low"  (Messrs.  Savage  and  Hughes,  enga^pd  in  hauling 
manure) ;  as  **  lasting  j  min.  to  a  min."  (Serg.  Todd),  3  or  4  sees. 
(Mr.  Wade)  ;  *'  I  looked  all  around,  then  across  a  field,  then  saw  it 
overhead  "  (Serg.  Bidley).  Perhaps  the  entire  space  of  time  during 
which  the  light  of  the  meteor  must  be  considered  to  have  been 
visible,  from  it«  earliest  outbreak  to  the  moment  of  extinction,  may 
be  taken  from  these  accounts  to  have  been  about  six  or  eight 
seconds.  [At  a  full  allowance  this  would  give  ample  leisure  tune 
for  all  the  actions  said  to  have  been  executed  by  observers  at  York 
in  looking  for  and  following  the  light.  The  bnef  intervals  of  1-2 
and  3-4  seconds,  said  by  two  other  observers  there  (who  were  in- 
doors) to  have  been  occupied  by  the  light,  confirm  this.  Captain 
Heselton's  observation  that  it  was  visible  "  one  second  behind 
clouds,  like  the  rising  moon,  and  then  10  seconds  moving  across  the 
sky,"  at  Whitby,  relates  pretty  certainly,  as  will  be  noticed  further 
on,  to  a  much  earlier  view  of  the  meteor  than  what  the  York  and 
Hull  observers,  who  were  attracted  by  the  light  nmnd  them,  con- 
nected with  the  positions  (used  in  the  following  projections)  which 
they  gave  of  the  meteor's  apparent  "  point  of  first  appearance."] 

The  brilliancy  is  spoken  of  by  all  as  intense,  "  as  bright  in  a 
second  as  a  summer's  day,"  all  objects  nemr  and  far  beine  rendered 
visible.  Serg.  Todd,  at  York,  described  how  the  light  "first  Ut  up 
the  housetops,  then  rushed  down  the  sides,  filled  l^e  street,  and 
in  a  second  enveloped  him  in  a  blaze  of  Hght."  The  street  lamps 
seemed  to  disappear  and  it  "  more  than  rivalled  the  electric  light 
at  the  oattle«show."    The  effect  indoors  was  the  same. 

In  appeara^nce  one  or  two  accounts  mention  rapid  variations, 
perhaps  caused  by  scintillations  noticed  by  another  observer,  and 
some  a  sudden  burst  (apparently  just  over  York)  of  intensity  o£ 
its  Hght,  as  at  Brighton,  Liverpool  (?),  and  overhead  at  York ;  but 
the  ball  is  said,  at  York,  not  to  have  broken  into  fragments  at  last, 
but  to  have  "  disappeared  in  the  air  " ;  and  it  left  no  permanent 
light-streak  on  its  track.  It  was  *'  a  primrose-coloured  flame,"  at 
Hull,  "  lengthened  out  behind,  where  it  was  prismatic,  the  length 
never  four  times  the  breadth,  and  this  was  scarcely  so  much  as  half 
of  the  moon's  apparent  ^-idth." 

The  coUmr^  at  first  clear  and  intensely  white,  all  describe  as  be* 
coming  light  blue  or  pale  blue-green  towards  the  end  of  its  flight 
(white  changing  to  purple  at  Dundee,  or  to  a  faint  magenta  ccdoor 
at  Shoreham). 
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In  shaj^  it  wm  pear-like  ^^  like  a  jargonelle,"  the  diameters  in  a 
sketch  being  prolonged  into  a  tail  two  or  three  times  the  length 
of  the  head. 

The  $k6  is  spde^en  of  at  York  as  *'  less  than  the  moon."  Several 
observers  kindly  made  circles  to  compare  the  two,  giving  diameters 
^  to  ^  that  of  tile  moon.  .  The  latter  was  given  by  Serg.  Simpson, 
who  at  first  said  that  it  was  '<as  big  as  my  helmet."  But  the 
clouds  then  rapidly  banking  up  for  a  heavy  storm,  whose  first  flakes 
immediatelv  afterwards  began  to  fall,  gave  it  a  glory  four  times  the 
diameter  of  the  moon.  The  observer  at  Stockport,  with  a  more  end^ 
on  view  of  the  meteor,  described  it  very  similarly  to  this,  as  "  a 
whitish  ball  surrounded  by  a  kmd  of  mist  of  pale  colour,  forming 
a  globe  of  light  about  18  in.  in  diameter." 

As  regards  the  train,  Serg.  Todd  said  he  saw  none,  though 
looking  out  for  it.  [He  thought  that  it  ''burst  overhead  into 
thousands  of  fragments,"  and  tlmt  the  ball, ''  seen  just  before  disaj^ 
j^earing  in  the  air,  did  not  go  behind  the  houses."] 

An  interval  then  elapsed,  which  James  Backhouse,  Esq.,  who  had 
been  long  lying  awake,  considered  to  be  fully  2  or  3  minutes,  or 
*' twice  as  long  as  the  longest  interval  between  the  most  distant 
flash  and  thunder."  In  the  'Natural  History  Journal,'  1878, 
p.  1 2  7,  Henry  Corder  speaks  of  hearing  thunder  after  an  interval  of 
1 00  seconds,  under  very  exceptional  circumstances.  But  5 o  seconds^ 
the  limit  given  by  Elammarion,  and  very  rarely  exceeded,  may 
more  properly  be  considered  as  the  *'  longest  interval."  This  is 
Prof.  Herschel's  decided  opinion.  I  myself  only  once  remember  a 
storm  giving  intervals  of  i  J  minute.  Therefore  the  interval  accord- 
ing to  Mr.  Backhouse's  report  may  safely  be  reckoned  at  about  i| 
minute,  corresponding  to  20  or  2 1  miles.  Other  reports  are  less 
de^te,  some  speaking  as  if  it  followed  almost  immediately.  It 
gave  time  for  a  good  deal  of  movement  and  conversation  to  pass  ; 
Serg.  Bidley,  repeating  his  movements  and  conversation,  occupied 
I  to  i4-  minute ;  Serg.  Simpson,  doing  the  same,  needed  i|  to  i^ ; 
iSerg.  Todd  thought  f  min.  elapsed,  others  even  less. 

Then  came  a  tremendous  explosion  and  prolonged  rumbling 
lasting  "  some  seconds,"  probably  as  much  as  half  a  minute.  At 
York  it  was  sufficiently  startling  to  awaken  sleepers  and  cause 
great  alarm.  A  publican  in  Ooodramgate  could  not  rest  till  the 
police  had  tried  his  doors  and  windows.  A  lady  was  reminded  of 
the  Eegenf  s-Park  explosion,  which  she  heard  at  eight  miles  distance. 
There  was  "  one  single  grand  burst,  followed  by  a  didl  prolonged, 
gradually  diminishing  roar,  as  if  at  an  immense  distance"  (J.  B.). 
Serg.  Simpson's  description  was  striking :— -Like  a  large  cannon 
without  any  premonition  (as  some  seem^  to  think),  foUowed  hj 
a  continuous  roll,  "  which  appeared  exactly  to  retrace  and  roll  back 
along  the  path  of  the  light,  decreasing  as  regularly  as  could  be 
and  dying  off  as  long  as  you  could  hear  it."  Serg.  Bidley  spoke  of 
the  bang  as  louder  than  any  cannon  at  a  mile  distance,  the  sound 
dying  away  like  a  wave  on  a  rocky  shore.    The  tremendous  con-^ 
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eussioD,  caused  by  an  explosion  Burpassing  a  salvo  of  500  cannon, 
though  it  must  have  taken  place  in  a  medium  not  a  t^th  part  as 
dense  as  common  air,  shook  shutters,  doors,  and  windows  everj- 
where,  one  policeman  saying  that  the  vibration  seemed  to  affect 
the  whole  street. 

When  we  attempt  to  make  out  the 
apparent  position  of  the  meteor,  the  diffi- 
culty, as  usual,  becomes  very  great.  [On 
the  annexed  outline  map  the  positions  of 
the  various  places  at  which  observations 
were  made  are  roughly  indicated.]  Three 
of  the  Tork  accounts  tally  very  fairly.  As 
the  particulars  were  taken  down  separately 
and  afterwards  projected  on  a  large  plan, 
the  results  are  perfectly  independent. 
York  observers  all  agree  in  making  the  me- 
teor pass  directly  overhead ;  nor  could  any 
of  them  indicate  to  the  slightest  degree 
whether  it  passed  a  little  on  one  or  the  other 
side  of  the  zenith.  Only  one  thought  he 
saw  the  beginning  well ;  and  in  most  cases 
houses  prevented  good  observations  of  the 
end.  Some  newspaper  paragraphs  spoke 
of  the  meteor's  apparent  position  as  '<  in  the  north.'' 

Observer  (YorJc).  Objects  used.  Positions  obtained. 

Messrs.  Savage  and     The  Minster,  530  Bight  overhead  to  41^ 

Hughes.                         yards  ofE.  W.   of    S.  ;  alt.   io% 

where  it  disappeared 
near  a  black  cloud. 
Serg.  Todd.                  Street  direction  and  Overhead    (possibly  a 
Monk    Bar   (he  little  S.E.  of  the  ze- 
standing    about  nith)  towards  43^  W. 
the    middle    of  of  S.  (altitude  unde- 
Goodramgate).  termined). 
Serg.  Simpson.            FromoverOlifford's  N.  j6°E.;  altitude  esti- 
Tower,Tork  Cas-  mated  58°,  i.e.  36^  W, 
tle,to  over  Mount  of  S.  (no  altitude  re- 
Villas  on  South  corded). 
Bead. 

The  line  joining  Serg.  Simpson's  two  positions  passes  percep- 
tibly south-eastwards  of  the  zenith.  The  direction  obtainecf  froma 
4th  report  (S.  84°  W.  for  the  end)  is  probably  not  very  reliable,  as 
the  observer,  Serg.  Bidley,  was  fresh  to  the  district  and  hardly 
knew  the  ground.  Of  the  others,  the  first  observation,  confirmed 
by  both  observers,  was  obtained  (by  myself  upon  the  spot)  by  re- 
ference to  the  lofty  top  of  a  most  conspicuous  distant  edifice.  The 
final  observation,  also  given  by  a  prominent  architectural  object, 
Seems  very  exact,  and  it  agrees  with  a  general  impression  of  the 


Digitized  by 


Google 


1880.]  Meteor  of  1 879,  Feb.  24.  807 

reporto  of  different  obsenrers  df  flie  meteor  at  York  that  it  aotoallj 
passed  a  little  south-eastwards  of  their  zenith.  The  dUitucU  at 
the  end  bemg  given,  in  the  first  observation,  with  reference  to  the 
Minster  tower,  is  probably  fairlj  reliable.  Serg.  Bidlej  gave  lines 
ixf  apparent  altitudes  indicating  nearly  30^ ;  but  this  more  elevated 
position  is  no  doubt  to  be  attributed,  m  great  measure,  to  the  well- 
known  tendency  of  estimated  Altitudes,  especially  near  the  horizon, 

be  same  reason,  Serg.  Simpson's  esti- 
first  appearance  may  be  onljr  35°  or 
3hed  it  on  paper  from  estimation, 
terror  generally  caused  by  the  "  fiery 
or  York  are  eminentiy  satisfactory, 
ught  it  the  end  of  the  world,  their 
ance  with  ihdr  belief  .  One  constable 
rs  "for  further  orders."  None  of 
3d  in  arresting  the  disturber  of  the 

at  Pocklington  (12  miles  E.S.E.  from 
res  an  account  of  the  writer's  being 
shaking  of  the  house,  the  light  last- 
t  up  and  see  every  thing  outside  as  if 
ailes  S.E.  by  S.  of  York,  the  explo- 
louse  were  very  apparent.    At  Filey, 
dies  N.E.  from  York,  it  sounded  like 
ning  up  apparently  from  the  N.E. 
Even  reports  from  Liverpool,  Sto^port,  &c.  speak  of  a  large  ball  and 
a  brightness  approaching  that  of  day.  At  Stockport,  near  Manchester, 
it  filled  forth  m  the  sky  on  a  person's  right  hand  as  he  was  walking 
N  J^.E.    The  town  of  Stockton,  in  which  the  inhabitants  were  so 
terrified  by  the  force  of  the  explosion,  lies  ahnost  due  N.N.E.  from 
Stockport ;  and  had  the  meteor  passed  straight  over  Stockton  and  then 
over  York  it  must  have  appeared  to  the  observer  at  Stockport  to  have 
begun  its  course  on  his  left  hand,  and  thence  to  have  crossed  over 
to  his  right.    Passing  still  further  from  the  scene,  the  Dundee 
papers  speak  of  it  as  *'  a  brilliant  and  startling  meteor,  seen  to  fall 
m  a  westerly  direction,  apparently  over  the  rising  ground  west  of 
Newport."    Taking  the  centre  of  Dundee  and  a  ^oint  halfway 
from  Newport  to  Woodhouse  as  the  assigned  direction,  we  have  a 
line  17^  E.  of  S.,  which  passes  just  E.  of  Leeds  and  Sheffield.    But 
the  two  base-points  of  the  line  are  at  once  so  near  together  and  so 
ill-defined,  that  the  exactness  of  places  in  its  prolongation  cannot 
be  very  much  relied  on.    A  line  of  190  miles  in  length  may  very 
well  deviate  considerably  when  dependent  on  a  rough  bearing  dis* 
tance  of  3  miles.    Even  further  on  was  an  observer,  Mr.  Nathaniel 
Short,  Harbour  Master  of  Shoreham,  6  miles  W^  of  Brighton,  dis- 
tant 213  miles  from  York.    Attracted  by  the  light,  he  saw  the 
meteor  *'  with  a  long  tail  like  a  kite,"  of  a  slightly  magenta  colour, 
inaking  it  for  a  moment  as  light  as  day  all  round,  moving  slowly 
low  down,  from  E.  to  W.,  between  two  hiUs,  which  may  Have  cut 
VOL.  ni.  a 
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off  the  begixming  and  end,  from  N.  by  W.  to  N.W.  by  "W.  He 
thought  it  went  in  a  considerable  curve,  taking  30  sees.  Clonds 
and  not  the  hills,  he  adds,  maj  have  obscured  it.  He  gives  tlie 
**  top  "  [or  starting  point]  as  rather  less  than  4-  of  the  way  up  the 
sky,  which  agrees  well  w  th  a  statement  that  he  was  ^  mile  from 
hills  250  to  300  &et  high.  The  iJtitude  obtained  is  11^  N.  by  W., 
whidi,  taken  as  the  line  of  sight  of  first  i^pearance,  passes  just  E. 
of  York.  The  terminal  line  of  sight  towards  N.W.  by  W.  passes 
not  far  off  from  Gloucester  I  These  positions  evidently  require  to 
be  '*  twisted  round  ^  to  the  E.  (especiaUy  the  last  one),  in  order 
to  bring  them  nearer  to  the  north  and  to  each  other ;  f  ot  it  is 
quite  impossible  that  the  meteor  travelled  further  south  than 
Yorkshire. 

[But  ihe  observation  is  yet  a  most  valuable  and  important  one, 
as  showing,  from  the  slisht  inclination  of  the  meteor's  descending 
path  from  right  to  left  along  the  norUi  horizon  at  this  distant  sta- 
tion in  the  south,  that  the  meteor's  real  slope  of  path  was  not 
itself  very  much  inclined  to  the  horiion,  and  that  its  real  radiant- 
point  (whose  true  bearing  must  certainly  have  been  about  N.E.  J 
r^.)  was  therefore  also  cU  no  very  great  altitude  above  the  horizon. 
Taking  due  north  or  nearly  so  as  the  direction  in  which  the  meteor 
was  fint  seen  at  Bhoreham,  some  way  off  the  Yorkshire  coast  near 
"Whitby,  its  real  height  there,  which  corresponds  to  an  altitude  of 
1 1^  at  Brighton,  allowing  nine  miles  for  the  earth's  curvature,  was 
about  60  miles.  It  is  not  likely  the  meteor  veas  seen  at  Bhoreham 
much  earlier,  or  eastward  from  the  Yorkshire  coast,  than  this;  and 
as  ijiere  can  be  little  doubt  that  it  descended  below  the  level  ai  the 
Brighton  horizon  soon  after  passing  over  York,  or  a  point  between 
JjQ^  and  Selby,  scarcely  12®  or  15"^  W.  of  N.  from  Shoreham,  the 
description  of  its  tennination,  "  N.W.  by  W.^  at  Shoreham,  and 
also  the  extent  along  the  horiaon  of  its  visible  path  there,  must 
manifestly  stand  in  need  of  a  very  large  correction.  Taking  thi^ 
last  extant  as  1 5°  (instead  of  45^  as  described),  and  the  first  altitude, 
due  N.,  as  11^  (as  represented),  the  apparent  slope  <£  path  at 
Brighton,  then  arrived  at,  prolonged  ba(»:^ards  as  fiur  as  the  beap- 
ing  N.B.  i  N.  of  the  radiant-point,  gives  for  that  point's  position, 
at  its  assumed  azimuth,  an  altitude  of  about  35^,  which  agrees  very 
nearly  with  what  the  oolleotive  descriptions  of  its'  course,  in  tiie 
immediate  neighbourhood  of  tiie  meteor's  track  itsdf,  genendly 
indicate  as  its  position.  It  may  be  added  that  ihe  words  used  ib 
Daadee,  ^*Muxig  in  11  weeierly  dtrecHon,''  reproduce  as  nearly  as 
possibtoy  oi  they  tikovM  do^  t^e  observer's  words  at  8horehun,  to 
aescribe  the  slope  of  patii,  since  the  meteor's  *'  earth-point "  (or 
tbepointof  encounter  with  the  eaith  of  its  line  of  flight  prolonged) 
lies  ahnost  directly  on  tiie  straight  line  between  Shoreham  and 
Dundee.  By  moving  ♦♦  in  a  considerable  curve,"  it  seems  indeed  to 
be  pretty  evident  that  the  Shoreham  observer  intended  to  imply 
that  the  meteor,  in  the  shcnrt  coarse  in  which  he  saw  it  fcdlmg 
towMds  the  wMOfc^deaoended  *'  with  adecided  slope''— such  a  slope. 
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wo  Qtay  perlmpv  a«8ume,  aa  hat  just  beenTecognijsed,  odtbout  37^ 
S3  corretpondmg  at  the  Shoreham  point  of  view  to  the  adc^ted  real 
path.] 

Of  the  two  remaming  obseryations,  one  was  by  Captain  E. 
Heselton,  of  the  ^  Margery/  from  Seaham,  Durham,  to  Scarborough, 
When  4wo  mileg  N*W.  of  Whitby  *  the  light  kindled  for  a  second 
in  the  N.E.,  and  then  spread  all  around,  while  the  meteor  passed 
through  the  zenith  from  altitude  45"^  at  N.  by  E.  |  E.  (20"^  E.  of 
N.)  to  alt.  45°  at  S.  by  W.  |  W.  (ao°  W.  of  S.).  The  clouds  were 
thick  at  the  time.  The  h'ght  was  as  intense  as  at  York,  lasted  ten 
secondsi  and  on  vanishing  a  slight  noise  like  distant  thunder  was 
heard. 

The  last  observer,  Mr.  S.  Walliker  of  Hull,  had  a  ^ood  view  of 
the  meteor,  and  in  answer  to  my  request  sendis  an  adnurable  sketch 
plan  of  directions  &c.,  referred  to  local  objects  traced  from  a  map. 
He  missed  the  beginning,  having  his  back  to  it,  and  first  caught 
sight  of  it  4°  W.  of  N.  (he  thought  it  began  5°  to  10°  E.  of  N.)  at 
an  altitude  of  6o°|  ending  W.  by  N.,  altitude  20°  f.  (The  altitudes, 
it  should  be  noticed,  in  the  last  two  aooounts  are  only  estimated 

QIIiQS.)  J.  EDKUiq)  OlilBE. 

[To  be  continue*] 


Handbook  of  DoiubU  Stars. X 

Of  the  different  classes  of  astronomical  observation,  we  know  oi 
none  more  interesiang-^we  might  almost  say  fascinating — ^to  ai^ 
amateur  astronomer  than  the  measurement,  or  estimation,  of  the 
aTigiiUr  positions  and  distances  of  double  stars.  That  we  are  not 
alone  in  this  opinion  is  clearly  proved  by  the  many  valuable  series 
of  observations  contributed  to  this  branch  of  stelhur  astronomy  by 
some  of  our  best  observers,  beginning  with  Sir  W.  Herschel.  Tha 
duplicity  of  a  few  of  the  larger  stars  was  known  many  years  before 
the  pubiicaidon  of  HerscheFs  memoir  in  vol.  Ixzii.  of  the  *  Philoso-^ 
phi^  Transactions ;'  but  the  birth  of  systematic  doublenstar  ob« 
serving  certainly  dates  from  these  early  researches  of  the  great 
amateur  astronomer.  Before  his  discovery  of  Uranus  in  17  8 1^ 
Herschel  resolved  to  make  a  systmnatic  examination  of  all  the 
principal  stars,  using  a  high  power,  in  order  that  be  might  be  able  to 
s^ect  a  sufEdent  number  of  those  most  favouraUe  for  his  purpose. 
How  he  succeeded  we  have  been  fully  informed  in  his  oifferenfe 
memoirs  on  the  subject,  and  in  the  more  recent  synopsis  of  his 
labours,  prepared  by  his  illustrious  son. 

*  A  newspaper  pmgraph  had  ffiren  it  as  ji  miles  off  land  at  Huntdiffe  foot ; 
bat  probably  uiis  la  inoorrect,  as  Uaptain  Heselton  in  bis  note  speaks  of  ''being 
thio  ^o  miU  K.W.  from  WbiUnr.^ 

t  GCI10  positioDS  are  as  deduoed  from  the  aketdbu 

t  *  A  Handbook  of  Doable  Btars,  &o.  For  the  upe  of  Amateurs,'  By 
Bdward  Orossley,  F.B.AS^  Joseph  Gledhill,  F.B.AS.,  and  James  M.  WUbqq, 
MJl.,  W.KAM.    Loitflon :  Maomillan  k  Oo.j  1879. 
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In  the  esoellent  work  before  us^  ^  A  Handbook  ci  Double  Stan/ 
for  which  we  are  indebted  to  Mr.  E.  Crossley,  Mr.  J.  G^ledhill^  and 
Mr.  J.  M.  Wilson,  we  have  a  most  valuable  collection  of  observa^ons 
of  double  stars  made  by  different  observers,  including  the  earliest 
measures  in  the  last  century,  together  with  detailed  explanations  of 
the  methods  adopted  in  the  observations  and  in  the  determination  of 
the  orbits  of  binary  stars.  It  is,  as  it  professes  to  be,  a  true  handbook 
for  the  amateur  astronomer,  to  whom  it  will  doubtless  be  of  essen^ 
tial  service ;  and  we  shall  be  much  surprised  if  it  does  not  find  a 
place  in  every  astronomical  library. 

The  work  is  divided  into  four  sections ;  the  first  being  historical 
and  descriptive  of  instruments  and  methods,  contributed  by  Mr. 
Grossley  and  Mr.  Gledhill ;  the  second  is  mathematical,  and  con« 
tains  a  detailed  account,  by  Mr.  Wilson,  of  the  calculation  of  ike  ^ 
orbit  of  a  binary  star,  with  fully  worked  out  examples,  which  can-*  * 
not  fail  to  be  of  great  value  to  those  interested  in  this  kind  of  cal* 
culation.  Mr.  Wilson  also  contributes  three  chapters  on  relative 
rectilinear  motion,  on  the  effect  of  proper  motion  and  paraUax  on 
the  observed  position-ansles  and  distance  of  an  optiodly  double 
star,  and  on  the  errors  of  observation  and  the  combmation  of  ob* 
servations.  Each  of  these  subjects  is  tareated  in  that  masterly 
manner  which  might  be  expected  from  so  experienced  a  mathema- 
tician as  Mr.  Wilson.  As  an  example  of  an  orbit  worked  by  Sir 
J.  Herschel's  graphical  method,  he  has  selected  the  star  Castor  as 
a  double  star  of  great  historical  interest,  and  sufficiently  brilliant 
and  widely  separated  to  be  within  the  reach  of  most  telescopes 
possessed  by  amateurs.  The  explanaticm  of  the  method  is  given 
by  him  with  great  clearness  ;  and  in  it  we  have  a  discussion  of  all 
the  observations,  beginning  with  those  of  Bradley  and  Pound's 
measures  in  17 19,  from  which  a  series  of  elements  are  deduced, 
agreeing,  witbin  small  limits,  with  those  determined  by  Doberck 
and  Thiele.  This  investigation  is  illustrated  by  diagrams.  In 
chapter  iii.  of  this  section  of  the  book,  the  authors  have  been  for- 
tunate in  obtaining  a  most  valuable  contribution  from  Di*.  Doberck, 
whose  experience  in  the  manipulation  of  binary  orbits  is  second  to 
none,  as  is  weU  known  to  most  readers  of  the  *  Observatory.*  This 
chapter  is  well  worth  a  careful  reading,  as  in  it  Dr.  Doberck  gives 
a  detailed  explanation  of  the  working  out  of  an  orbit  by  analytical 
'  methods,  taking  for  his  purpose  the  Hnary  star  ir  Coronee ;  to  which 
he  has  added  an  extensive  table,  containing  a  comparison  of  the 
final  elements  with  148  series  of  ot^ervations  made  at  various  epochs, 
commencing  with  Sir  W.  Herschel's  measures  in  1781. 

The  third  secJior,  compiled  by  Mr.  Gledhill,  contains  a  catalogue 
consisting  of  a  selection  of  binary  and  other  double  stars  deserving 
6£  attention.  The  catalogue  is  followed  by  lists  of  measures,  with 
historical  notes  Ac.,  of  786  stars,  selected  chiefly  from  the  great 
works  of  W.  Struve,  O.  Struve,  and  the  two  Herschels.  It  was 
the  original  intention  of  the  authors  to  include  a  large  number  of 
the  recent  discoveries  of  Mr.  Bumham.    Owing,  however,  to  tbo,. 
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extreme  fiuntness  of  most  of  bis  objects,  some  difficultj  was  found 
in  selecting  stars  wbicb  migbt  prove  interesting  to  genend  ob- 
setrers ;  and  considering  that,  as  a  rule,  well-lmown  stars  only 
are  suitable  for  the  amateur,  they  haye  been  omitted.  The  authors, 
boweyer,  remark  that,  ''For  the  convenience  of  those  observers 
wbo,  having  sufficient  skill,  patience,  and  instrumental  power, 
may  desire  to  assist  Mr.  Bumham  in  obtaining  thoroughly  reliable 
measures  of  his  recently  discovered  pairs,  we  have  appended  to  ouf 
Catalogue  a  selection  from  his  published  lists." 

A  mere  glance  at  the  synoptical  history  gives  us  an  excellent 
idea  of  what  has  been  done  in  the  way  of  measurement  of  each  of 
the  786  stars ;  and  the  historical  notes  are  extremely  interesting 
and  valuable.  The  whole  of  the  measures  by  eadi  observer  are 
fi;rouped  together,  and  the  individual  results  are  placed  in  chrono* 
Ipgiod  order.  The  authors  state  that  this  arrangement  was  found 
convenient  in  the  compilation,  as  it  exhibits  at  sight  the  observa- 
tiops  of  each  observer  in  different  years.  "We  quite  agree  with 
them  that  this  classification  of  the  measures  in  observer's  groups 
has  its  advantages ;  but,  so  far  as  our  experience  goes,  we  are 
rather  inclined  to  prefer  that  adopted  by  M.  Elammarion  in  his 
useful  work, '  Catalogue  des  ^toiles  doubles  et  multiples  en  mouve* 
ment  relatif  certain,'  in  which  the  separate  measures  are  arranged 
in  chronological  order  without  regaixl  to  the  observer.  By  the 
latter  method  we  are  able  to  detect  at  a  glance  all  the  periodic 
dianges  of  angular  position  and  distance  from  the  earliest  to  the 
latest  observation.  This  facility  of  examination  is  particularly 
noticeable  in  a  long  and  continuous  table  of  measures,  as  in  the 
case  of  y  Yirginis,  Castor,  (  Urssd  Maioris,  and  other  stars,  mea^ 
sured  over  a  long  series  of  years.  Double-star  observers,  however, 
may  find  it  advantageous  to  have  the  power  of  consulting  the  corre- 
sponding measures  under  both  arrangements. 

The  total  number  of  double  stars  catalogued,  including  those  in 
tbe  supplementary  lists,  is  1200.  For  these  are  given  the  ap- 
proximate BA.  and  declination,  magnitudes,  the  numbers  in  the 
catalogues  of  the  two  Struves,  and  in  Sir  J.  HerscheFs  general 
catalogue  in  vol.  xl.  of  the  '  Memoirs '  of  the  E.A.S.,  besides  other 
information. 

The  fourth  section  is  devoted  to  a  list  of  the  titles  of  some  of 
tiie  most  important  works  and  papers  on  double  stars,  on  the  mi«  , 
crometer,  and  on  the  colours  of  double  stars. 

Though  we  have  already  briefly  alluded  to  the  contents  of  the 
first  section  in  the  'Handbook,'  we  cannot  close  this  notice  with- 
oat  referring  to  Mr.  Crossley's  interesting  contribution  to  the 
volume  on  the  construction  ana  adjustments  of  the  equatoreal,  on 
an  astronomical  clock,  on  the  best  form  of  observing-chair,  and  on 
the  parallel-wire  micrometer,  which  he  considers  to  be  par  excel- 
lenee  the  instrument  of  the  double-star  observer.  These  intro- 
ductory chapters  contain  some  well-executed  woedcuts  of  Mr. 
Crossley's  residence  at  Bermerside,  near  Halifax,  including  the 
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Observatorj;  the  Tempi*  Obsermtorj  at  Btij^i  the  Bermenide 
Equatoreal ;  and  Bpecimens  of  obs^rYinc-chairs,  two  of  whidi  are 
coDtriyancee  of  the  late  Mr*  Dawes.  The  book  is  well  and  deaiij 
printed ;  and  we  heartily  recomsaend  it  to  our  readers  as  a  meet 
valuable  contribution  to  the  literature  of  douUe^-star  astrcmomy. 

XL  DlTVKDT. 


Rand  CnprariM  Avrorm  md  their  Spectra^. 

Ik  the  pursuit  of  anj  special  line  of  inquiry,  the  most  advan- 
tageous point  &om  wMch  to  start  is  only  to  be  found  in  a  com- 
plete acquaintance  with  the  previous  labours  of  others  upon  the 
same  subject.  When  tiiese  are  all  to  be  found  well  represented 
within  the  covers  of  a  single  book,  although  it  be  a  oi^>acious  one, 
much  of  this  preliminary  labour  is  altogether  saved.  And  futora 
students  of  tiie  subject  of  ^^AurorsD'^  may  well  be  grateful  icie 
Mr.  Capron's  magnificent  volume,  which  renders  a  very  esseniaal 
service  to  science  by  the  completeness  of  its  presentation  of  the 
subject.  The  history  of  early  and  recent  observations  of  Aumm 
is  given  with  ample  details;  and  l^e  arrangement  of  them  as 
illustrations  of  the  different  views  which  have  arisen  respeotinff 
the  various  characteristics  of  these  phenomena  is  a  striking  proof 
of  the  impartiality  of  the  author.  All  sides  are  fairly  stated, 
without  an  endeavour  to  enforce  any  special  theory;  and  the 
accounts  of  the  various  lines  of  inquiry  which  have  been  pursued 
in  investigations  respecting  its  cause,  origin,  and  mode  of  devdop-* 
ment  are  all  that  could  be  desired. 

The  first  five  chapters  deal  with  the  general  appearances  and 
the  special  characters  of  AurorsB :  their  geographiou  distributiei ; 
the  colours,  height,  and  noises  attributed  to  them;  phospho- 
rescence, and  the  production  of  oeone  as  attendant  phenomena ; 
and  the  polarisation  of  auroral  light — are  some  of  the  subjects 
treated  of.  The  most  curious  part  af  Chap*  Y.  is  the  account  (^ 
Donati's  investigation  of  what  is  called  the  travelling  of  Aurore, 
which  shows  that  on  the  occasion  of  Feb.  4,  1872,  it  was  not 
observed  in  difEerent  parts  of  the  Earth  at  the  same  instant  of 
universal  time,  but  appears  to  have  become  visible  in  ^  various 
localities  at  tJie  same  local  time ;  and  thereby  indicating  that  cos** 
mical  causes  combine  wiih.  met^rologioal  conditions  to  produce 
this  wonderful  and  enigmatical  light.  However  that  may  prove 
to  be,  ^  stuxessive  propagation  0/  Aurorce  is  very  curious,  and 
deserves  to  be  more  fully  worked  out. 

Chap.  YI.  treats  of  the  possible  connexion  of  AwNom  with  other- 
phenomenaj  as  Clouds,  Thunderstorms,  Magnetic  Disturbances, 
Atmospheric  Electricity,  Meteoric  dust^  and  the  Planets. 

*  Aurone:  their  Characters  and  Spectra.  Bj  J.  Band  Oapron,  F.BA.&. 
(Spon,  London.) 
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Ohftl>*  YIL  gives  some  aoootmt  of  siogolar  &tiforft-like  pAtohM 
on  the  edipsed  Moon.  There  is  eyidenoe  of  yeiy  abnoi'mal  ap>» 
pearances  seen  on  the  lunar  disk  in  eclipse,  on  different  occasions, 
which  are  very  difficult  to  account  for.  They  haye  as  yet  scarcely 
attracted  so  much  attention  as  l^y  seem  to  deserre.  Our  author 
suggests  analogies  between  them  and  polar  auroras ;  and  were  the 
ey^anoe  of  that  starengthened  by  future  observations,  it  would  of 
itself  indicate  the  presence  on  the  Moon  of  something  of  the  nature 
of  an  atmosphere.  If  such  an  enyelope  surrounds  our  satellite,  we 
know,  for  various  reasons,  it  can  only  be  in  an  extremely  attenuated 
condition ;  but  if  Aurone  are  developed  in  the  higher  regions  of 
our  own  atmosphere,  it  may  very  possibly  be  tl^  case  that  an 
excessiyely  rarefied  state  is  one  of  the  special  conditions  necessary 
for  the  production  of  these  phenomena.  The  curious  subject  of  » 
lunar  atmosphere  has  been  sometimes  debated  with  more  vehemence 
thair  should  be  ~  imported  intonnatters  of  whic^  the  data ure  i^" 
from  being  absolute  in  character;  and  the  most  assiduous  of 
lunar  obseryers  are  generally  agi^eed  that  many  outstanding;  facts 
are  most  difficult  to  reconcile  with  the  theory  that  the  Moon  is 
utterly  and  entirely  destitute  of  any  thing  analogous  to  a  lunar 
atmosphere.  For  instance,  it  is  hard  to  suppose  that  the  materials 
of  the  lunar  crust  can  sustain  the  contmuous  and  excessive 
heating  which  we  know  they  receiye  daring  the  prolonged  lunar 
day  (more  than  500*^  Fahr.,  according  to  Lord  Kosse),  without 
giving  off  something  of  the  nature  of  a  gas.  That  the  attraction 
of  grayity  is  much  less  on  the  Moon  than  on  the  Earth,  and  the 
general  absence  of  atmospheric  pressure  there,  do  not  diminish, 
but  rather  increase  the  probability  that  some  process  of  that 
nature  is  passed  through,  only,  howeyer,  to  be  again  reversed 
during  the  equally  long  lunar  night.  However  future  obseryation 
may  decide  the  question,  it  is  eyident  that  no  suitable  lunar  eclipse 
dhould  be  allowed  to  pass  without  dose  and  careful  scrutiny^ 
so  tbat  the  little-known  appearances  which  Mr.  Capron  describes 
may  be  still  better  understood. 

The  supposed  causes  of  AurorsB  are  detailed  in  Chap.  IX.>  which 
completes  the  first  part. 

Chaps.  X.  to  Xin.  are  devoted  to  a  thorough  inyestigation  of 
the  spectrum  of  the  Aurora.  Those  who  are  familiar  with  Mr* 
Capron's  preyious  work,  *  Photographed  Spectra,*  will  know  that 
in  this  part  of  the  subject  he  is  completely  at  home,  and  was  one 
of  the  earliest  obseryers  of  this  yariable  and  difficult  spectrum.' 
^lany  observations  of  it  are  described  at  length,  a  thorough  com* 
parison  of  the  whole  is  made,  and  a  most  interesting  map  of  the 
spectrum,  combining  the  whole  results,  is  appended;  and  what 
will  be  of  great  service  to  future  obseryers  is  that  the  discrepancies 
and  difficulties  of  the  subject  are  clearly  pointed  out.  This  ia 
followed  by  a  lengthy  comparison  of  various  tube-spectra  with 
that  of  the  Aurora. 

An  exhaustive  examination  of  the  behaviour  of  the  electric 
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discharge  in  various  gaseit  under  tlie  inflnence  of  magnetisni, 
showing  its  bearing  on  the  subject  of  the  production  and  aevelop- 
ment  of  Aurorse,  is  contained  m  Chaps.  XIY.  to  XX. 

It  is  difficult  to  find  fault  with  such  a  Galaxy  of  Lights ;  for 
Mr.  Capron's  book  is  as  thorough  and  complete  as  possible,  and 
will  form  a  very  valuable  addition  to  any  scientific  hbrary.  The 
large  number  of  excellent  full-page  plates  adds  very  greatly  to  its 
importance  and  interest.  The  magnificent  style  in  which  the 
whole  is  produced,  suggests  that  this  splendid  quarto  is  a  rich  gift 
to  science,  from  the  intensity  of  ihe  author's  own  love  for  it  more 
than  any  thing  else ;  and  it  comes  at  a  most  seasonable  time, 
allowing  all  intending  observers  of  the  next  Aurora  time  to  prepare 
and  mature  their  plans,  after  taking  advantage  of  the  service 
Mr.  C^>ron  has  rendered.  Henby  Pbatt. 


Photographs  of  Jvpiter. 

We  are  indebted  to  Mr.  Comm(»i  for  the  enlar|;ed  prints  from  pho- 
tographs of  Jupiter  (Plate  UI.),  taken  with  his  magnificent  3-feet 
silver-on-glass  reflector.  Small  though  these  photographs  are,  they 
give  us  much  valuable  information;  and  they  have  this  great 
merit,  as  compared  with  the  drawings  of  most  observers,  that  they 
can  be  relied  upon  as  accurate.  It  is  little  to  the  credit  of  those 
who  attempt  to  make  astr(momical  drawings,  that  a  photograph  less 
than  -^th  of  an  inch  in  diameter  should  be  sufficient  to  expose  tiie 
inaccuracies  of  drawings  on  300  or  400  times  the  scale.  In  this 
connexion  we  would  invite  our  readers  to  compare  Gapt.  Noble's 
representation  of  Jupiter  in  the  '  Monthly  Notices '  for  January 
with  Mr.  Common's  photograph  of  Jupiter  and  the  Sed  Spot. 
The  photograph  of  Jupiter  and  his  four  satellites  is  important,  as 
shovnng  the  relative  brightness  of  the  satellites.  Editob. 


Double  Stars  for  February » 

Fob  the  principal  pairs  best  seen  in  this  month  see  *  Observatory,' 
Vol.  ii.  The  following  objects  will  at  once  command  the  attention 
of  the  amateur. 

a  Aurigce.       E.A.  s^  7»-8,  Dec.  +45°  53'.    Mag.  A  i,  B  12-13. 

AB        183^-2        i26"-2  1878-03 

This  small  companion  was  discovered  by  /3.    A  still  doeer  ob- 
ject was  detected  by  the  same  observer,  3i7*'*S,  78"'i7,  1878*9. 
For  the  old  companion  we  have 

i5i°-4      i69"-io        1783-6        H,. 
146  -a       158  -6  1878-0        /J. 
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r  Orionu.       B.A.  5*  ii"-8,  Dec.  -6"  58'. 


Mag.  A  4,  B  14,  G  12,  b 

Tcry  faint. 

This  IB  fi  188. 

AB        249°- 1 

36"-2o 

1877-9 

$■ 

250  •! 

35  -98 

6-2 

HaU, 

AC          60 -0 

36  -09 

7-9 

/3. 

59-8 

35  -97 

6-2 

HaU.    . 

B6          53 -S 

7-8 

/3. 

49 '3 

3  '77 

6-2 

Hall. 

Leporis.        EJL  5"  23" 

•I,  Dec.  —20' 

'51'.    Mag.  A3,  B.  11 

Thia  is  3  320.    Bapid  change  in  angle 

268°-4 

2"-89 

1875-1 

De. 

2797 

3  -12 

6-1 

HaU. 

287  '2 

2  '67 

7' I 

0.  Stone. 

286-9 

2  '68 

8-1 

a- 

ff  Ononis.       B.A.  s'  29"*4, '. 

Dec. -5° 

28'. 

Mag.  5th  star  11*3 ;  6th  star  11*3. 

Sth  star         353'-6 

3"-86 

1832 

S. 

354 '3 

4  -02 

78 

/3 

6th  star         125  '9 

3  .62 

44 

Daves. 

126  '0 

•96 

67 

De. 

119 '8 

•74 

77 

/J. 

121  '4 

•98 

78 

HaU. 

With  regard  to  the  other  faint  stars  which  some  observers 
think  they  haye  seen  in  the  trapezium,  /3  writes,  "  There  was  not 
the  slightest  "suspicion  of  any  additional  stars."  This  assertion 
rests  on  a  very  careful  scrutiny  on  seyeral  occasions  under  very 
fayourable  conditions.  The  same  observer  strongly  doubts  the 
suspected  yariability  of  the  5th  and  6th  stars.  He  says,  '^  They 
have  always  been  seen  with  my  6-inch  glass  in  the  last  six  years, 
when  the  atmospheric  conditions  were  suitable." 

a  Ononis^       B.A.  s"*  48°-6,  Dec.  +f  22''9. 

The  old  companion  (mag.  1 1) : 

152^-3      i6i"77        1786        Hj. 
•3      174  7  1873        p. 

iJb  nearer  companion  (mag.  12-13) : 

348^-0        77"-59        1878       p. 

Carrectian.  In  "Double  Stars  for  January,"  p.  275,  line  8,/ar 
Smyth  observed  read  Smyth  observed  AD. 

Joseph  Oludhux. 
Mr.  Edward  CronWs  Observatory, 
Bermenid0»  HaUfiMC» 
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Meteor  Notes  for  February  ^. 

MoBKiNO  observations  may  be  made  between  the  4ti[i  and  20tb, 
and  in  the  eyeninfis  daring  the  first  half  of  the  month.  The  chief 
showers  giyen  in  Mr.  Qr^s  catalogue  (1876}  are  from  180^  +  56^, 
158"*  +29^  lys''  +14^  and  75°  +44%  and  both  Zezioli  andTupman 
give  many  positions  of  radiants,  visible  in  tiie  mornings  of  Februarj, 
which  it  is  desirable  to  reobserve. 
Fireballs  should  be  looked  for  on  the  3rd,  7th,  and  loth. 
BecerU  Observations, — Mr.  Oorder  at  Writtle  observed  a  fine  fire- 
ball «  $  on  Dec.  6  at  9**  38«.  Path  from8o*'  +45"^  to  105**  +  50^ 
but  the  beginning  was  not  seen.  A  similar  one  was  seen  at  7^  the 
same  evening,  falling  almost  due  N.,  probably  through  the  tail  of 
Ursa  Major.  On  Dec.  10,  Mr.  Corder  counted  69  meteors,  chiefly 
between  10^  island  13**  45°*,  Several  fine  meteors  were  noted 
at  about  11  p.m.,  or  slightly  before  that  thne— one  in  the  E.,  tiien 
one  S.W.,  and  a  third  in  the  N.W.  That  in  the  S.W.  was  nearly 
=7(9  of  a  pale  green  colour,  followed  by  flakes  of  fire  and  leaving  a 
streak.  The  path  was  from  about  2®  4-8°  to  345°  +5°,  and  it  ^)- 
pears  to  have  oeen  the  same  meteor  as  that  observed  at  Bristol  and 
Bath  (*  Observatory,*  Vol.  iii.  p.  278).  Of  the  69  meteors  seen  by 
Mr.  Corder  on  Dec.  10,  36  were  G^minids;  with  a  radiant  at  about 
106°  +34°.  The  periodical  shower  of  Jan.  2  was  also  observed 
by  Mr.  Corder  on  tne  evening  of  that  date,  between  6  and  10  fjc. 
Watching  for  about  3^  hours  he  recorded  66  meteors,  including  48 
from  Quadrans.  The  radiant-point  seemed  double,  as  follows  : — 
2 3 2*^  +  5  5°  (3 6  meteors)  and  2  30°  4-  48°  (12  meteors).  Some  of  the 
meteors  left  streaks,  others  were  trained.  Those  from  the  major 
radiant  appeared  to  be  swifter  than  those  of  the  more  southerly 
position. 

At  Bristol  the  sky  was  partly  cloudy,  with  occasional  storms,  on 
the  evening  of  Jan.  2,  so  that  only  25  meteors  were  observed  between 
6^  and  9^  30"^  p.m.  ;  i  0  of  this  number  were  Quadrantids,  with  a  good 
radiant  at  228^  +  54  •  The  meteors  were  rather  slow,  with  s^rk- 
trains ;  average  length  of  path  « 15  j^  Considering  the  low  alti-* 
tude  of  the  radiant-point  and  the  frequently  cloudy  state  of  the  sky 
at  Bristol,  tho  shower  was  decidedly  a  good  one.  On  tiie  evening 
of  January  3  the  sky  was  very  clew,  and  the  stars  of  Draco  and 
Ursa  were  watched  continuously  between  6**  and  8^  but  hot  a  single 
meteor  was  seen  horn  Quadrans.  The  duration  of  this  shower  is 
evidently  confined  within  very  narrow  limits. 

Mr.  Sawyer,  at  Cambridgeport,  Mass.,  made  a  series  of  observa- 
tions for  the  Andromedes  at  the  end  of  Nov.  and  early  in  Dec,  but 
obtained  no  evidence  of  the  shower's  appearance.  Mr.  Cornish  at 
Netting  Hill,  London,  "W.,  also  reports  that  no  meteors  were  visible 
there  in  short  watches  on  the  nights  of  Nov.  27  and  28. 

W.  F.  Denwiko. 

*  See  *  Obaervatory/  Vol.  i.  p.  337,  and  Vol.  iL.p*  I45"^»  foriurthar  notaton 
Febniary  ehowen. 
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OccuUations  qf  Bright  Stars. 
Sib,— 

A  perusal  oi  the  Ber.  8.  J.  Johmon's  paper  on  Ocetiltatioiia 
of  Antarei  in  jonr  Number  for  July  last  induoes  me  to  sendrouthe 
following  statement  of  oocultations  of  bright  stars  obserred  here  bf 
me  during  the  past  lew  years* 

WInd«<»M.l?i 

h  m    8 

18751  Sepli  7  M.4U  Anteves^    B     7  11  17*7    A  ooostdenble  fnMm  of  a 

Booondlate. 

1876,  JtmOft  Spies.       D    X2  34    7's    Small  fraction  of  s  aooond  late, 

1876,  Jttnes  Spios.       B    1339    5'*    Obs.  not  io  good  aa  that  of  ths 

disappearance. 
JS76,  Jolj  s  •••••<  Antaras.    D    is  14  41*0    Good  obserratUm. 
1S76,  Jufy  3  ••••••  Antarei.    B    13    7  3a'9    Gk>od  obeerration. 

i877,Apnlft  Anftares.    D    11    4  53*9    Bzoallent  obferrationi 

1878,  Aug.  7  «.•...  Antarea.    X>      6  43  12*9    6K)od obaerration. 

The  occultaiion  of  August  7, 1S78,  was  observed  with  a  telesoope 
of  ig-inch  aperture,  and  the  other  oooultations  with  the  4^inoh 
equatoreal.  I  do  not  find,  howeyer,  that  I  hare  made  any  n^narks 
conoeming  the  ccwapanion  of  Antares  at  the  times  of  oocultation^ 
although  at  other  times  and  under  fayoorable  atmospheric  con- 
ditions I  haye  frequently  seen  this  small  star  with  the  last-named 
instrument.  I  am,  Sir,  yours  faithfully, 

Obaemtoiy,  Windior»  N.  S.  Wales.  3oSS  TJBBBOTT. 

October  24,  1879. 

Motion  Q/the  Spots  on  Jupiter. 

Sm,— 

The  note  of  Mr.  Backhouse  in  the  December  Number  of 
the  *  Observatory '  may^  to  iome^  conyey  a  wron^  impression.  I 
did  not  design  to  raise  any  query  as  to  the  yisibuity  of  the  "  red 
spot  •*  during  the  autumn  of  1878.  On  the  contrary^  I  felt  assured 
or  its  yiflibility  from  the  obseryations  of  Messrs.  Dennett,  Trouvdot, 
Niesten,  and  others.  I  did,  howeyer,  giye  some  reasons  for  doubting 
the  constancy  of  its  yisibility ;  and  my  reasons  seem  to  be 
strengthened  by  the  obseryations  of  Mr.  Backhouse. 

As  to  the  error  in  the  latitude  of  the  spot,  I  only  designed  to 
^ye  the  approximaii  latitude  as  it  was  early  in  August.  The 
spot  has  no  doubt  had  some  motion  toward  the  equator  dnoe 
August.  On  Oct.  20  it  was  so  far  northward,  that  the  shadow  of 
Sat.  in.  was  in  apparent  contact  with  its  following  end  for  45 
minutes.  A  similar  motion,  northward,  was  noted  by  Mr.  Dennett 
last  year.  I  do  not  pretend,  however,  that  this  motion  amounts^ 
to  IS**  of  latitude,  for  I  have  made  no  measures. 
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But  to  the  apparent  change  in  longitude  I  have  nyeii  iiou 
attention.  Having  noted  with  great  care,  and  bj  approTed  meilioda, 
the  times  of  transit  of  its  centre  across  the  menaian  bisecting  Hu 
disc,  during  nearly  five  months,  and  having  compared  the  meridians 
due  at  those  times  (according  to  Mr.  Marth's  ephemeris),  I  can 
saj  with  all  confidence  that  between  Aug.  6  and  Dec.  13  there 
has  been  an  apparent  increase  of  21^  of  longitude.  This  may 
result  either  from  a  real  motion  of  translation  in  a  direction  contnuj 
to  the  planef  s  rotation,  or  from  an  erroneous  value  of  the  time  of 
rptation,  on  which  the  ephemeris  was  built.  This  motion  has  been 
uniformly  going  on  through  the  time,  and  has  suggested  to  me 
the  importance  of  directing  observations  to  ascertain,  if  possible, 
whether  the  motion  is  real  or  aj^parent,  I  compared  this  spot  for 
many  weeks  with  certain  grev  notched  and  triangular  patches  in 
the  8,  p.  quadrant.  A  month  or  two  past  these  were  very  plain 
on  good  nights ;  and  even  yet  they  can  be  faintly  seen  on  rare 
nights.  Belatively  to  ihesey  the  red  spot  had  no  appreciably 
motion.  I  also  compared  it  with  various  spots,  some  imite^  some 
grey,  and  some  brown,  between  the  two  greai  equatoreal  belts. 
These  latter  were  found  to  pass  the  red  spot  with  a  rapid  motion  in 
the  direction  of  rotation,  sometimes  moving  its  whole  length  in  3 
or  4  days.  iCeserving  discussion  of  these  facts  for  thefuture,  I 
barely  mention  them,  hoping  that  something  can  yet  be  done  to 
determine  the  reality  of  the  retrograde  motion  of  this  spot.  In 
this  pdnt  of  view  I  was  ispecially  glad  to  see  the  communication 
of  Mr.  Oorder  in  the  December  Number  of  the  'Observatory.* 
The  motion  of  the  "  white  spots  "  has  a  bearing  on  this  question. 

I  am.  Sir,  yours  faithfully, 

.    Morrison  Obserratoiy,  0.  W.  Pbuchett. 

Glaagow,  Mo.,  Dec  16,  1879. 

Spots  an  JtgfiUer. 

Sib,— 

Two  sorts  of  spots  on  Jupiter  have  claimed  my  attention 
during  the  past  two  or  three  years,— one  the  great  coloured  spot  in 
the  S.  temperate  zone,  which  1  have  had  the  good  fortune  to  see  on 
no  less  than  42  evenings ;  the  other  the  white  spots  in  iiie  equato- 
real zone.  So  far  these  are  the  only  bright  spots  I  have  ever  seen, 
for  the  tiny  satellite-spots  have  hitherto  escaped  me. 

The  first-mentioned  spot  has  this  year  claimed  more  or  less  the 
attention  of  nearly  every  telescopist,  and  is  remarkable  even  if  it 
were  only  for  the  different  ways  it  has  been  seen  by  different  ob- 
servers. One  observer  calls  it ''  a  beautiful  feature  like  a  flame," 
whilst  another,  criticising  him,  remarks  that  the  most  astonishing 
characteristic  of  this  "  spot  is  its  dense  darhaiess."  This  sortw 
criticism  should  be  withheld,  because  different  observers  frequently 
see  the  same  object  differently.  The  writer  has  always  been  struck, 
when  observing  this  spot,  by  the  want  of  that  dark  ground-work 
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M^bich  characterizes  Jovian  markings  usually;  it  has  always  appeared 
to  him  like  a  simple  colour  laid  on  the  sui^Eace. 

But  this  is  not  the  only  dijf erence  which  has  been  noted,  for 
some  observers  describe  it  as  of  one  tint,  whilst  others  hold  that 
it  is  quite  another,  though  the  differences  are  not  in  accordance 
with  the  kind  of  instrument  used,  as  is  sometimes  the  case.  Bose- 
tinted,  fiery  copper-coloured,  red,  yermilion,  blood-red,  and  reddish 
or  orange  brown,  have  all  been  given  as  its  colour.  Some  of  these 
differences  are  doubtless  due  to  the  dianges  which  have  actually 
taken  place  in  the  colour  of  the  spot,  whilst  others  are  as  undoubtedly 
due  to  the  personal  chromatic  equation  of  the  different  observers. 
At  about  the  time  Mr.  Slack  was  describing  it  as  reddish  or  orange- 
brown  as  seen  with  his  6|-in.  silvered  With  mirror,  the  writer  de- 
scribed it  as  **  decidedly  r^^  with  perhaps  a  very  tiny  tinge  of  yellow. 
The  N.  equatoreal  belt  is  reddish  hr&wn,  with  a  brilliant  and  deep 
gamboge  firinge  in  the  N.  temperate  zone/'  as  seen  with  a  5|-in. 
silvered  mirror  by  Calver.  A  similar  disparity  is  noticeable 
between  observers  using  refractors.  Some  observers  have  fancied 
that  it  does  not  lie  quite  parallel  to  the  equatoreal  belts ;  but  after 
many  careful  studies  the  writer  is  almost  convinced  that  it  does ; 
but  the  S.  equatoreal  belt  sinks  a  little  under  it,  or,  in  other  words, 
appears  to  conform  with  its  northern  outline  somewhat,  and  further 
broadens  immediately  /  the  great  spot  and  forms  a  forked  streak. 
When  first  seen  the  spot  was  by  itself,  without  any  appendages ; 
but  since  Aug.  5th,  1879,  the  writer  has  frequently  observed  t^s 
either  precemng  or  following  the  spots,  and  sometimes  both. 
These  trails  have  sometimes  appeared  of  a  grey  colour,  whilst  at 
others  they  partook  of  the  colour  of  the  large  spot.  The  last  evening 
the  spot  was  seen  1879,  Nov.  11,  at  5^  55"* ;  the  j>  end  of  the  spot 
Was  about  on  the  central  meridian,  and  a  long  streamer  from  the 
j>  end  extended  nearly  or  quite  to  the  limb ;  and  later,  at  6*^  1$%  a 
short  one  was  seen/  the  spot.  The  Bev.  T.  W.  Webb  recently, 
November  12,  thought  the  spot  appeared  to  be  paler  in  the  middle, 
Hke  two  tufts.  On  one  or  two  occasions  lately  the  writer  has 
fancied  the  colour  more  intense  towards  the  ends  and  edges,  but  not 
sufficiently  well  to  speak  positively.  There  is  only  one  more  point 
respecting  the  great  spot — that  is,  the  aureole  which  many  observers 
describe  as  surrounding  it.  I  have  only  seen  it  on  three  or  four 
^occasions,  and  have  never  been  able  to  satisfy  myself  that  it  was 
more  than  contrast. 

Now  turning  to  the  torrid  zone  of  Jupiter,  we  find  a  number  of 
bright  spots  and  patches  lying  nestled  dose  to  the  N.  edge  of  the 
^.  equatoreal  belt,  sometimes  extending  nearly  across  the  zone.  I 
have  ascertained  the  longitude  as  nearly  as  possible  of  every  spot 
or  patch  I  have  seen,  and  laid  them  out  on  a  table,  the  results 
showing  as  given  below  :-— 

Aug.  15,  spot,  4® ;  Aug.  25,  large  spot,  8** ;  Oct.  5,  large  spot,  o* 
Aug.  25,  large  spot,  42° ;  Oct.  2,  ditto,  34°;  Oct.  3,  ditto,  34^ 
Oct.  7,  pale  bri^t  patch,  33''. 
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Sept.  I,  fpcyt,  70°;  Oct  5,  pile  large  f^oi;;  67*;  Not.  25,  pile 

patch,  71^ 
.    Sept.  4,  spot,  90^. 

Sept.  21,  bright  patch,  ioo^±  ;  Sept.  25,  large  spot,  Ioo^ 

Aug.  II,  large  spot,  110° ;  Aug.  23,  bright  patdi,  107°, 

Aug.  II,  spot,  128^ 

Aug.  II,  large  spot,  IS7^ 

Aug.  6,  spot,  163°;  Aug.  9,  spot,  164°;  Sept.  14,  large  spot,  163^. 

Sept.  2 1,  large  spot,  178**;  Oct  6,bri^t  patch,  185*" ±  ;  Noy.  11, 

large  spot,  i8i°, 
Aug.  9,  spot,  205°;  Sept,  9,  spot,  207°  J  Dec,  8,  spot,  207®; 

Dec  10,  spot,  2io°i. 
Aug.3i,large8pot,2i6^;  Sept, 7, spot, 2x3**;  Oct.$,0pot^2i4°: 
Sept.  14,  large  spot,  226^ 
Aug.  31,  large  spot,  246^;  Sept.  7,  large  spot,  253^;  Oct  i, 

bright  patch,  246^ ;  Oct.  6,  large  spot,  248° ;  Dec.  6,  pale 

spot,  247°*. 
Oct.  16,  spot,  264°  t. 

-A-ug.  31,  spot,  282°;  Nov.  29,  spot,  2*0°  J. 
Not.  2,  spot  suspected,  290°  §• 
Sept  i7f  laige  spot,  306°;  Sept  27,  large  spot,  307^;  Deo.  ir, 

large  spot,  311°. 
July  24f  bright  patch,  320;  Oct  11,  spot|  315^ 
July  29,  bright  patch,  340*"  If. 
Sept  17,  la^e  spot,  355°, 

.  The  grouping  of  lougitudee  giTon  aboTO  seems  to  indicate  that 
the  spots  remained  tolerably  stationary,  and,  on  comparison  with 
«  similar  analysis  of  last  yearns  obserrations,  some  of  the  spots  seem 
to  be  identical  with  spots  then  seen. 

Before  concluding,  it  maT  be  mentioned  that  the  red  spot  would 
from  its  position  on  the  dates  ^yen  by  Mr.  Backhouse,  p.  250^ 
be  invisible  at  the  times  he  mentions. 

Tours  faithfully^ 

Fkaitk  0.  DUiiJHV* 

7%e  Red  Patch  tm  Jupiter. 

Sib,— 

A.  P.  Holden  is  mistaken  (p.  282)  in  thinking  I  called  this 
spot  merely  a  **  long  dusky  mark ;  '^  what  I  stated  in  your  December 
Number  was,  that  a  dusky  mark  was  visible,  in  August  1878,  at 
about  k>ng.  60"".  But  I  see,  from  what  C.  W.  Pritchett  states  in 
your  last  vol.  p.  308,  that  the  red  mark  must,  the  previoua  month* 
have  had  a  long,  of  about  240°,  and  therefore  the  mark  I  saw  must 
have  been  a  different  one.    C.  W,  P.  indeed  says  that  the  red  ellipae 

*  Corder  saw  a  spot  near  here  KoT.  s. 
t  Colder  saw  a  spot  near  here  Nov.  5. 
1  Oorder  saw  a  spot  near  here  Aug.  29, 
I  Oorder  mm  a  spot  near  here  Ooi.  24, 
f  Franks  giires  a  9QiMtfh«aAiifrfa»    .. 


Digitized  by 


Google 


1880.y  Porreipmdmce.  821 

had  a  large  proper  motion ;  but  the  motion  he  ascribes  to  it,  of 
"about  one  fourth  the  planef s  diameter''  in  <'  nearly  one  hour^"  it 
onlj  what  would  be  due  to  the  rotation  of  Jupiter.  The  dark  mark 
yisible  this  autumn  has  always  appeared  to  me  very  red,  while  the 
northern  belts  hare  generally  been  strongly  tinged  with  red,  though 
less  so  than  this  mark.    Its  longitude  a  week  ago  was  278^. 

Tours  truly, 

T.  W.  Baokhouod, 

Sunderland,  Jan.  i,  1880, 

On  the  Semidiafneier  of  the  Moon. 

Snt,— 

The  letter  from  Prof.  Pritchard  in  the  January  Number  of 
the  •  Observatory^  seems  to  call  for  a  reply  from  me.  In  this  it  will 
be  most  convenient  for  me  to  follow  Prof.  Pritchard  in  the  way 
in  which  he  has  divided  my  criticisms. 

I.  The^npirical  formula  given  by  me  in  my  short  note  in  the 
•Monthly  Notices*  for  November  only  professes  to  be  an  empirical 
formula  which  closely  represents  the  mean  of  the  observations 
made  at  a  few  selected  observatories,  those  observatories  whose 
observations   I   have   reduced,   and  mainly  the  Greenwich   and 
Eadcliffe  Observatories.      It  does  not  profess  to  represent  the 
observations  made  by  other  observers  at  other  observatories  ;  and 
I  cannot  say  how  far    it  would  represent  such  observations, 
though  I  believe  it  will  be  found  to  closely  represent  the  observa- 
tions made  at  most  observatories  by  the  great  majoriiy  of  ob- 
servers.    Prof.  Pritchard  attaches  great  weight  to  the  influence 
of  personality  in  observing  the  lunar  semidiwneter.    My  own  in- 
vestigations lead  me  to  the  conclusion  that,  in  the  case  of  the  great 
majority  of  observers,  the  constant  difference  due  to  personality 
is  small,  though  occasionally,  as  in  the  case  of  Mr.  Carpenter  s^ 
Qteenwich,  it  amounts  to  over  i".    Prof.  Pritchard  points  out 
that  there  is  a  great  discordance,  amounting  to  6",  8",  or  even  10", 
between  separate  results.    It  iq  true  that  at  times  there  are  dis- 
•fiordances  of  this  magnitude ;  but  thev  are  uncommon,  except  in 
Ihe  case  of  inexperienced  observers.    The  discordances  between  the 
separate  results  arise  from  three  separate  causes: — ^first,  errors  in 
■the  theory,  which  gives  rise  to  systematic  errors,  but  of  only  small 
amount ;  secondly,  real  variations  in  semidiameter  due  to  the  lofty 
mountiun-ranges  on  tiie  Moon's  limb — a  soiurce  of  a  real  variation  in 
the  Moon's  sanidiameter  which  may  amount  to  nearly  4"  (these 
real  variations  can  be  determined  and  their  influence  aJlowed  for ; 
but  when  this  is  not  done  thev  produce  apparent  discordance  be- 
tween the  separate  results);  thiroly,  there  are  the  purely  accidental 
^prora,  which  may  reasonably  be  expected  to  vanish  from  the  mean 
<rf  a  sufficient  number  of  observations  (with  experienced  observers 
these  accidental  ^r(»rs  do  not  often  exceed  i").    I  do  not  see, 
therefore,  why  100  observations  of  the  Moon's  diameter,  properly, 
^rrecited  for  knovn  errcnrs,  should  not  yield  the  diameter^ 


Digitized  by 


Google 


823  Correspondenee.  [No.  84. 

the  Moon  within  &  small  fraction  of  i"  of  arc,  (v  bow  this  Talne 
18  vitiated  by  occasional  discordances  between  separafce  observatiom 
amounting  to  4"  or  5",  when  it  is  known  that  there  are  real  varia- 
tions in  the  diameter  amounting  to  nearly  as  much.  Nor  do  these 
variations  due  to  eleyations  on  the  limb  interfere  with  the  deter* 
minationnof  the  mean  diameter  of  the  Moon. 

]^o  not  see  why  Prof.  Pritchard  regards  the  result  arrived  at  by 
the  Astronomer  Boyal  as  vitiating  the  empirical  formuto  found  by 
myself.  The  Astronomer  Eoyal  finds  a  correction  of  -f  o"*i8  to 
il^nsen's  semidiameter ;  I  make  the  correction  4-o"'5o.  The  differ- 
ence  is  not  very  great,  and  it  must  be  remembered  that  Sir  G.  Airy  as- 
sumes the  errors  due  to  theory  and  real  variation  will  counterbalauce 
one  another,  which  will  not  be  completely  the  case  where  these  errors 
are  systematic,  as  in  the  present  case.  Prof.  Pritchard  next  refers 
to  the  results  lately  arrived  at  by  Prof.  Winnecke ;  but  he  has 
overlooked  an  important  consideration.  The  results  given  by  Prof. 
Winnecke  are  not  founded  on  direct  measures  of  the  diameter,  but 
are  derived  from  the  apparent  error  of  the  lunar  tables.  The  re- 
sult, in  fact,  practically  assumes  that  the  corrected  tables  closely 
represent  the  real  place  of  the  Moon,  or,  at  least,  that  there  are  no 
errors  with  periods  similar  to  the  parallactic  inequality  and  varia- 
tion. But  the  tables,  even  with  Prof.  Newcomb's  corrections,  do  not 
represent  the  Moon's  place  with  sufficient  accuracy ;  so  l^t  the 
correction  found  by  Prof.  Winnecke  arises  from  the  outstanding 
errors  in  the  theory.  Prof.  Pritchard's  criticism  fails,  therefore,  I 
submit,  to  touch  the  accuracy  of  my  conclusions  on  this  point. 

n.  Prof.  Pritchard  next  remarks  that  in  applying  my  formuhe 
to  the  De  la  Eue  reflector  I  have  omitted  to  notice  the  well-known 
diffraction-effect  of  the  small  mirror.  I  cannot  agree  with  Prof. 
Pritchard,  It  is  true  in  a  reflector  the  diffraction-rings  are  to  a 
very  small  extent  larger  and  brighter  than  in  a  refractor,  but  to  all 
intents  the  diffraction-fringe  in  a  re&actor  and  in  a  reflector  are 
sensibly  of  the  same  breadth.  In  both  theory  and  practice  this  is 
true. 

ITT.  Prof.  Pritchard  next  remarks  that  Bessel's  metiiod  of  deter- 
mining the  place  of  a  point  on  the  Moon,  and  incidentally  the 
true  diameter  of  the  Moon,  is  expressly  devised  to  avoid  ti&e  coEects 
of  irregularities  on  the  limb.    That  is  true ;  but  it  only  snoceeds 

Provided  the  irregularities  are  equally  likely  on  all  parte  of  the 
mb,  and  do  not  a^ect  the  results  by  systematic  variations.  In 
both  these  essentials  the  method  breaks  down,  for  the  irregularities 
are  not  equally  distributed  over  the  limb  and  give  rise  to  syste- 
matic variations  of  fixed  periods. 

lY .  Prof.  Pritchard  next  says  that  I  cannot  possibly  be  justified 
in  saying  that  were  his  own  results  compared  with  Burckhardi^s 
tables  instead  of  with  Hansen's  they  would  show  very  great  discord- 
ances, on  the  ground  that,  as  he  had  published  no  dates,  I  could  have 
no  basis  for  such  a  statement.  I  know  that  ProL  Pritchard  did  not 
publish  any  dates  which  woiild  enable  us  to  properly  estimate  the 
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justness  of  his  conclusions ;  but  he  did  publish  enough  to  enable 
me  to  make  the  statement  which  he  takes  exception  to.  For  did 
not  Prof.  Pritchard  publish  what  was  practically  a  comparison 
between  his  own  results  and  those  of  Hansen's  tables,  showing  a 
tolerably  dose  agreement  ?  Now  fiurckhardt's  values  of  the  semi- 
diameter  are  widely  discordant  from  Hansen's,  the  difference  varying 
rapidly  and  widely ;  they  must  differ,  therefore,  just  as  widely  and 
variably  from  Prof.  Pritchard  s  results ;  so  that,  had  the  tables  been 
accepted  as  correct,  the  photographic  results  must  have  reproduced 
all  these  great  discordances — that  is,  unless  Prof.  Pritchard  means  to 
maintain  that  all  his  photographs  were  by  mere  accident  taken  just 
at  the  very  instant  when  Burckhardf  s  tables  happened  to  agree  with 
Hansen*s. 

Y.  My  remark  about  Wichmann's  measures  agreeing  much 
more  closely  inter  $e  when  Burckhardt's  parallax  and  semidiameter 
were  properly  corrected,  is,  as  Prof.  Pritchard  surmises,  founded  on 
actual  computation.  Properly  corrected  for  the  known  errors  in 
BurckhardPs  tables,  they  do  agree  very  much  better.  Prof.  Pritchard 
can  easily  verify  this  by  applying  the  known  corrections  to  the 
values  from  the  '  Berliner  Jabrbuch '  used  by  Wichmann. 

I  do  not  think  I  need  add  any  thing  more  to  the  above,  unless  it  be 
the  hope  that  we  shall  have  published  before  long  t^e  detail  of  the 
valuable  researches  in  this  direction  which  are  being  so  successfully 
carried  out  by  Prof.  Pritchard.        I  am.  Sir,  yours  faithfully, 
January  3,  1^80.  E.  N3EI805. 

Large  Meteor. 

Sib,— 

On  the  morning  of  Dec.  13,  at  5**  53"  a.m.  Q.  M.  T.,  a  pear- 
shaped  meteor,  the  light  of  which  exceeded  the  full  moon,  was 
observed  from  this  pla^:^.  Its  path  was  more  horizontal  than  ver- 
tical. When  first  seen,  the  E.A.  would  be  about  io*»  30",  Dec.  8° 
N.,  bursting  about  B.A.  ii**  45*,  Dec.  3°  S., — originating  in  or 
near  the  ecliptic,  but  dipping  slightly  from  the  above  toward  the 
end  of  light.  Tours  truly, 

1879.  Dec.  23.  John  Bobebtsok. 

lAghts  and  Shadows  in  the  Astronomical  Society. 

Sib,— 

In  the  last  Number  of  the  '  Observatory '  you  printed  a 
letter  from  Professor  Pritchard  regretting  that  **  irregularities  ** 
should  disturb  astronomical  research  at  the  Society'?  Meetings,  and 
saying  that  I  seem  to  have  given  a  gallant  officer  '*  considerable 
provocation"  at  one  of  them. 

Would  you  kindly  invite  the  Professor's  attention  to  the 
'Monthly  Notices'  for  December  last,  page  86  ?  where  he  will  read 
as  follows :  — 

VOL.  in.  2  a 
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^*  In  1876  Mr.  Brett  directed  our  notice  to  the  fact  that  a  bright 
spot  soraetimeB  casts  a  shadow.  Now  on  the  night  on  which  my 
sketch  was  made,  the  spot  of  which  I  am  speaking  not  only  cast  a 
shadow  (assuming  these  markings  to  be  such),  but  shadows^  as  two 
were  visible,  one  on  its  preceding,  and  the  other  on  its  following 
edge.  I  confess  that  no  immediate  explanation  of  this  occurs  to 
me. 

The  author  here  intended  to  indicate  a  discrepancy  between  my 
ol^ervation  and  his  own,  and  significantly  appealed  to  the  meeting 
(November  last)  to  say  what  could  be  the  explanation  of  this  re- 
markable circumstance. 

The  FeUows  naturally  looked  towards  me.  I  thought  it  would 
be  trifling  with  their  time  and  patience  to  enter  into  the  obnous  ex- 
planation that  his  spots  were  not  my  spots,  neither  were  his  shadows 
my  shadows ;  but  still  I  thought  it  would  be  as  well  in  the  public 
interest  to  disabuse  his  mind  of  all  anxiety  respecting  the  object  I 
had  written  about  in  1874*,  so  reminded  him  that  he  had  not  been 
accused  of  seeing  it  at  all,  and  that  I  never  supposed  he  would  have 
known  a  shadow  if  he  had  seen  one. 

I  went  simply  upon  his  own  assertion  that  he  had  seen  two 
shadows  of  an  object  falling  in  opposite  directions.  It  was  not 
competent  to  me  to  deny  that  he  had  done  so,  especially  with  that 
famous  4'2-incb  Boss  equaitoreal ;  and  the  only  explanation  that 
occurred  to  me  was  that  his  knowledge  of  shadows  was  a  minus 
quantity. 

The  consequences  may  have  been  regretable ;  but  there  was  no 
sadness  exhibited  by  the  audience. 

Another  curious  "  irregularity "  has  occurred  since  the  one  I 
have  referred  to,  which  I  fear  will  still  further  justify  the  regrets 
of  the  Savilian  Professor.  I  am  not  personally  concerned  in  it, 
but  it  is  a  curiosity  which  illustrates  the  Professor's  letter. 

At  our  last  meeting  (Jan.  9)  the  circumstances  were  di&rent 
*  from  those  in  November :  we  had  nothing  but  pure  practical  as- 
tronomy the  whole  evening ;  but  at  its  close  this  same  gentleman, 
who  had  contributed  neither  drawing  nor  paper,  but  who,  being  on 
the  Council,  of  course  knew  what  the  meeting  was  for,  got  up  and 
made  a  long  and  indignant  speech,  vehemently  complaining  of  its 
dullness  and  of  the  way  in  which  ^*  the  time  of  the  meeting  was 
wasted  by  persons  who  liked  to  hear  themselves  talk !! '' 

Now,  as  the  Savilian  Professor  has  always  taken  a  great  interest 
in  the  credit  of  the  Society,  I  think  it  may  be  worth  his  while  to 
turn  once  more  to  our  last  *  Monthly  Notices,'  to  see  the  gallant 
officer's  powerful  and  original  design  for  a  new  planet.  This  is  the 
sort  of  thing  our  Council  chooses  to  blazon  before  the  world  to 
show  what  England  is  doing  in  these  days. 

This  is  the  first  occasion  since  my  election  as  a  FeUow  that  I 
have  ever  uttered  the  least  reflexion  upon  anybod/s  drawing ;  but 

*  The  author  misquoted  the  date  of  my  paper. 
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now  that  it  is  evident  my  careful  reticence  bas  been  completely 
misinterpreted,  I  may  as  well  speak  out  and  say  that  every  Fellow 
ought  to  feel  himself  insulted  by  the  insertion  of  this  Grotesque  in 
the  '  Monthly  Notices.' 

Its  designer  is  a  person  whom  the  Astronomical  Society  in  its 
deep  sleep  goes  on  permitting  year  after  year  to  manage  its  afEairs 
and  bring  it  into  the  contempt  of  the  world. 

Your  most  obedient  servant, 
Patney,  x88o,  Jan.  X2.  John  Brett. 

Mr.  Main  and  the  Council  of  the  R.  A.  S. 

Sib,— 

I  have  recently  had  occasion  to  consult  Mr.  Dunldn's 
admirable  and  interesting  '  Obituaiy  Notices  of  Deceased  Astro- 
nomers'— he  deserves  the  thanks  of  the  Astronomical  Society  for 
this,  among  many  other  excellent  services  which  he  has  rendered 
to  it.  But,  as  a  matter  of  history,  perhaps  it  may  be  right  to 
correct  an  error  into  which  I  suspect  his  amiability  alone  has  led 
him.  He  speaks  of  the  late  Mr.  Main  as  having  "  reHred^*  from  the 
Ck>ancil  of  the  Astronomical  Society.  This  is  by  no  means  the 
whole  of  the  case.  Mr.  Main's  name  was  excluded  from  the 
House  List  of  the  Council  by  a  very  small  majority.  I  was  an 
amazed  witness  of  the  act ;  and  I  observed  that  it  was  the  pre- 
meditated and  preconcerted  deed  of  a  small  but  active  section  of 
certain  members  of  the  CJoundl,  who,  however  great  their  other 
merits  may  be,  cannot  be  generally  regarded  as  astronomers.  A 
similar  attempt  was  also  made  at  the  same  time  to  oust  another 
gentleman,  who,  like  Mr.  Main,  had  long  served  the  Society  as 
Secretary  and  as  President;  but  it  just  failed,  and  only  just. 
Eventually  it  succeeded  by  a  sw^rise. 

After  that  time,  the  internal  troubles  of  the  Society  commenced ; 
and  how  unhappily  they  culminated,  it  is  not  necessary  for  me  to 
mention.  Mr.  Main  had,  as  Mr.  Dunkin  truly  says,  always 
attended  the  Council  on  occasions  when  his  advice  would  be  of 
service ;  and  it  seemed,  and  it  still  seems  to  me,  an  ungracious 
and  ill-advised  act  to  have  suddenly  dispensed  with  the  services  of 
a  most  able  aud  experienced  astronomer,  who  had  served  the 
{Society  as  Secretary  aud  as  President,  and  on  whom  it  had  con- 
ferred the  distinction  of  its  Gold  Medal.  After  this,  my  friend 
naturally  declined  to  allow  his  name  again  to  be  proposed  as  a 
Member  of  Council. 

1  may  here,  by  the  way,  ask  why  Mr.  Chambers's  name  has  not 
been  proposed  for  a  seat  in  the  C'juncil  ?  He  has  rendered  great 
services  to  our  science,  and  for  a  long  time. 

1  am,  Sir,  yours  faithfully, 
Oxford,  Jan.  14,  1880.  "   ChaKLES  PhitCHAB1>. 
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NOTES. 

Geodetic  Juitction  or  Algiebs  with  Spain*. — The  completion 
of  a  great  geodetic  undertatdng  has  been  announced  by  M.  JPerrier 
and  Gen.  Ibanez  on  the  part  of  the  French  and  Spanish  Gt)Yem- 
ments  respectively.  The  triangulation  of  Spain  ana  Algiers  having 
been  carried  out  with  great  care,  it  was  only  necessary  to  connect 
the  two  systems  of  triangles  in  order  to  complete  an  arc  of  the 
meridian  of  27°  extending  from  the  Shetland  Islands  in  lat.  61°  to 
the  Sahara  in  lat.  34°.  The  difficulties,  however,  of  the  under- 
taking were  very  great,  the  distances  being  the  greatest  yet  attained 
in  geodesy,  as  we  pointed  out  in  a  former  note  ('  Observatoiy,' 
No.  25,  p.  30).  Four  stations  were  selected,  two  (Mulhacen  and 
Tetica)  being  on  mountain  peaks  of  the  Sierra  Nevada  in  Spain, 
and  two  (Filhaoussen  and  M'Sabiha)  in  Algiers  between  Gran 
and  the  frontier  of  Morocco.  The  heights  of  these  stations  ranged 
from  1000  to  3550  metres,  and  thus  the  lines  joining  them  paired 
at  a  height  of  300  or  400  metres  above  the  sea,  so  that  abnormal  re- 
fraction was  avoided,  although  the  sides  of  the  triangles  were  some 
70  leagues.  Provision  was  made  for  the  use  of  the  electric  light 
as  well  as  of  heliostat  signals ;  and  it  was  fortunate  that  this  \i-as 
done,  for  the  solar  signals  failed  completely,  not  one  having  been 
seen  either  in  Spain  or  Algiers.  But  the  generation  of  the  electric 
light  by  means  of  a  steam-engine  and  Gramme-machine  on  such 
elevated  peaks  added  greatly  to  the  difficulties  of  the  undertaking ; 
and  the  transport  of  large  stores  of  water  and  coal  to  the  tops  of 
these  desert  mountains  required  the  services  of  from  30  to  100  men 
at  each  station,  with  from  15  to  20  beasts  of  burden.  Another 
difficulty  was  the  shortness  of  the  time  available  for  the  observations. 
Before  the  middle  of  August  operations  in  Algiers  would  be  im- 
practicable on  account  of  the  intense  heat,  and  after  September 
the  fresh  snows  would  drive  the  Spanish  party  from  their  station 
on  M.  Mulhacen.  Everyone  was  at  his  post  on  August  20  ;  but 
for  20  days  of  anxious  suspense  neither  the  solar  nor  electric  signals 
were  visible.  At  last,  on  Sept.  9,  the  electric  light  on  Tetica  was 
seen  as  a  red  round  disk  comparable  in  brightness  to  Arcturus, 
which  was  then  rising  over  the  sea.  On  Sept.  10  the  electric  signal 
from  Mulhacen  was  perceived,  and  observations  were  continued 
regularly  from  that  date  to  Get.  i^.  The  results  appear  to  be  very 
satisfactory.  The  enormous  size  of  the  four  triangles  concerned  is 
sufficiently  indicated  by  the  values  of  the  '^  spherical  excess"  (t.  e, 
the  excess  of  the  three  angles  of  the  triangle  over  180%  which 
forms  a  measure  of  its  curvature  or  deviation  from  a  plane  tnangle), 
viz.  54"'i6,  7o"73»  43"'50i  6o"-o7  ;  whilst  the  accuracy  of  the 
observed  angles  is  shown  by  the  sniallness  of  the  relative  errors  of 
the  observed  "excess,"  viz.  +o"*i8,  -o"-54,  ■fi"*84,  -|-i"-i2, 
respectively. 

*   Coiiiptes  Bendus,  Vol.  Ixxxix.  Ko.  21. 
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Independently  of  the  geodetic  importance  of  the  undertaking, 
the  successful  use  of  the  electric  light  and  its  visibility  at  a  dis- 
tance of  70  leagues  are  results  of  much  general  interest. 

Two  Nbw  Nebula*. — M.  Block,  at  Odessa,  has  found  two 
bright  nebulsB  which  are  not  in  Herschers  General  Catalogue  and 
appear  not  to  have  been  observed  before.  Their  positions  for  1880 
are  n.A.  3^  28»8'-6,Dec.  -26°  16' 32",  and  E.A.  3^33"^  48»-3, 
Dec.  —  26°  43'  42".  The  first  is  pretty  bright  and  5'  in  diameter  and 
hard  to  see  with  a  high  power,  though  very  strilang  in  the  comet- 
seeker  with  a  power  of  27.  The  position  given  refers  to  a  star  of 
10- 1 1  mag.  not  in  the  centre  of  the  nebula.  The  other  nebula  is 
bright,  much  condensed  in  the  middle,  and  easily  observed  even  in 
moonlight.  It  is  remarkable  that  these  nebulae  should  not  be  found 
in  the  General  Catalogue,  whilst  two  fainter  nebula  near  them  are 
given,  viz.:— No.  734, 3''  29""  53"-o,  - 25°  20'  17"  ;  and  No.  757,  3** 
35"  26*'7,  —26°  36'  12".  M.  Blo<»k  cannot  see  No.  757,  which  is 
faint  and  smaU,  with  his  5-inch  Steinheil  refractor ;  but  No.  734 
(pretty  bright  and  large)  is  well  seen,  though  decidedly  fainter  than 
the  two  new  nebula. 


SoLAB  Parallax  pbom  the  Velocity  of  Light t. — Mr.  D.  P. 
Todd,  of  the  American  Nautical  Almanac,  has  collected  the  various 
determinations  of  the  velocity  of  light  and  deduced  the  corresponding 
values  of  the  Sun's  parallax,  by  use  of  the  light  equation  from 
eclipses  of  Jupiter's  satellites,  and  of  the  constant  of  aberration. 
Seeing  that  the  best  of  the  purely  astronomical  determinations  are 
singularly  and  unaccountably  discordant,  Mr.  Todd  hopes  that  at 
some  time  in  the  not  far  distant  future  the  velocity  of  light  may 
serve  to  define  the  solar  parallax  within  very  much  smaller  limits 
than  astronomers  have  yet  known.  To  show  what  the  method  is 
competent  to  do  at  the  present  moment  is  the  object  of  his  paper. 

Passing  by  Fizeau's  experiments  in  1849,  ^^  ^^^  ^^^  deter- 
minations of  the  velocity  of  light: — (i)  Poucaulfs  (in  1862), 
298,000  +  1000  kilometres  per  second  (weight  i)  ;  (2)  Comu's  first 
(in  1874),  298,500  +  1000  (weight  i);  (3)  Comu's  second  (1876), 
299,990  +  200  (weight  25);  (4)  Michelson's  first  (1878),  300,100 
+  1000  (weight  i)  J  (5)  Michelson's  second  (1879),  299,930  +  100 
(weight  100).  The  last  is  given  in  the  *  American  Journal '  for 
November  1879^  and  results  from  100  separate  determinations,  each 
being  the  mean  of  ten  separate  observations ;  the  largest  and 
smallest  of  the  values  are  300,142  and  299,692  kilometres  re- 
spectively, and  the  computed  probable  error  of  the  mean  of  the 
100  results  is  only  6  kilometres.  The  computation  of  probable 
error  is,  however,  in  this  case  quite  illusory ;  and  considering  all  the 
sountes  of  error,  accidental  and  systematic,  Mr.  Todd  estimates  the 
probable  error  at  100  kilometres.    Even  then,  this  determination 

♦  A«tion.  Nachr.  No.  2287.         t  American  Journal,  1879,  Januaiy. 
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receives  nearly  four  times  the  weight  of  all  the  others  put  together. 
From  the  five  determinations  Mr.  Todd  deduces  as  the  most  probable 
velocity  of  light  299,920  kilometres  =  186,360  miles  per  second. 

As  regards  the  light  equation  from  Jupiter's  satellites,  two 
determinations  have  been  made : — ( i )  Delambre,  493»-2, from  eclipses 
1662  to  1802  ;  (2)  Glasenapp,  soo"'84  + 1"-02,  from  observations 
of  the  first  satellite,  1848  to  1873.  Taking  account  of  the  greater 
precision  of  modem  observations,  Mr.  Todd  gives  double  weight 
to  Glasenapp's  determinations,  and  deduces  the  value  498»'3,  which, 
combined  with  the  adopted  velocity  of  light,  gives  for  the  Sun's 
mean  distance  92,866,000  miles,  and  for  the  parallax  (using  Lis- 
ting's value  for  the  Earth's  equatoreal  radius)  8"*8o2. 

Again,  combining  the  velocity  of  light  with  Struve's  constant  of 
aberration,  2o"*445i,  the  Sun's  mean  distance  =92,768,000  miles, 
and  the  parallax  =s8'^'8ii. 

Mr.  Todd  next  proceeds  to  estimate  the  probable  error  of  these 
results.  Taking  each  of  the  elements  in  the  computation,  he  thinks 
the  uncertainty  in  the  velocity  of  light  may  fairly  "be  taken  at  70 
kilometres,  that  of  the  light  equation  at  i  second  of  time,  and  that 
of  the  constant  of  aberration  at  o"*025.  This  last  is  on  the  suppo- 
sition that  the  motion  of  the  solar  system  in  space  is  not  sufficiently 
great  to  affect  the  astronomical  accuracy  of  determination  of  this 
constant.  There  remains  the  uncertainty  in  the  relation  of  the 
absolute  terrestrial  velocity  to  the  velocity  in  space ;  but  this  exists 
only  in  the  result  from  the  light-equation  ol  Jupiter's  satellites, 
the  observations  with  the  Greenwich  water- telescope  having  shown 
that  the  constant  of  aberration  is  not  affected  by  the  passage  of  the 
light  through  refracting  media. 

Combining  the  maximum  velocity  of  light  with  the  maximum 
light-equation,  and  the  minimum  with  the  minimum,  as  affected  by 
the  estmiated  uncertainties,  the  extreme  values  of  the  solnr  parallax 
are  8"782  and  8"'822,  and  similarly  with  the  constant  of  aber- 
ration 8''798  and  8*-824. 

The  mean  of  all  the  determinations  of  velocity  of  light,  combined 
with  astronomical  constants,  gives  for  the  Solar  Parallax  8"'8o8 
Hho"'oo6,  and  for  the  Sun's  mean  distance  92,800,000  miles. 

Prof.  Gbant  is  preparing  a  valuable  catalogue  of  about  6,400 
stars,  formed  from  20  years'  observations  atGksgow  (i860- 1880), 
all  reduced  to  the  epoch  1870.  The  Ertel  meridian  circle,  with 
which  the  observations  were  made,  is  described  (under  the  head 
"  Circle  ")  in  Nichol's  'Cyclopsedia  of  the  Physical  Sciences,'  and  is  an 
excellent  specimen  of  the  German  form  of  transit-circle.  Prof. 
Grant  has  taken  every  care  to  eliminate  instrumental  errors,  and 
the  results  do  credit  to  his  well-known  skill.  The  Catalogue,  which 
is  intended  to  supply  fundamental  places  of  stars  for  use  in  comet 
and  planet  observations,  will  bo  ready  for  press  by  the  middle  of 
1880 :  and  an  application  has  been  made  to  the  lioyal  Society  to 
supply  funds  for  printing  it,  out  of  the  Government  Grant. 
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Dr.  Tebbt,  Louvain,  Belgium,  asks  us  to  mention  that  he  has 
been  engaged  for  some  time  on  a  general  study  of  the  observations 
of  Venus,  similar  to  that  which  he  continues  on  the  planet  Mars, 
and  that  consequently  he  will  receive  with  thankfulness,  and  will 
exchange,  observations,  drawings,  and  notes  which  may  be  sent  him 
to  complete  the  data  indispensable  for  the  study  of  this  planet  so 
hard  to  observe  and  still  so  little  known.  He  would  also  take  the 
opportunity  of  returning  his  thanks  to  those  astronomers  who 
kindly  continue  to  send  him  their  observations  of  Mars,  and  thus  to 
facilitate  the  continuation  of  his  '  Ar^graphie.' 

M.  d'Abbadie  informs  us  that  a  site  has  been  selected  for  a  new 
French  observatory  on  the  Moni?  des  Mignons,  300  metres  above 
Nice,  and  that  M.  Bischoffisheim  has  secured  200  acres  of  ground 
for  the  site. 

Wb  have  received  a  copy  of  Dr.  Gould's  *  Uranometria  Argentina.* 
We  gave  some  account  of  this  fine  work  (derived  from  the '  Buenos 
Ay  res  Standard')  in  the  'Observatory'  No.  32,  and  hope  at  a  future 
time  to  give  a  further  notice  of  it.  It  may  suffice  now  to  say  that 
it  includes  a  most  complete  discussion  of  the  distribution  of  the 
stars  in  the  southern  heavens,  and  that  the  maps  give  by  far  the 
best  representation  of  the  heavens  that  we  have  met  with. 

The  Total  Solas  Eclipse  of  Jan.  1 1  was  (according  to  a  Eeuter's 
telegram)  observed  by  Prof.  Davidson  and  Mr.  Erisby  from  the  top 
of  t^e  Santa-Lucia  Mountain  in  California  and  an  intra-Mercurial 
planet  is  reported  to  have  been  seen  on  the  occasion. 

The  Bev.  E.  Ledger  will  deliver  lectures  at  Gresham  Collie, 
Basinghall  St.,  E.G.,  at  6  p.m.,  as  follows: — Feb.  17,  Mars,  Minor 
Planets ;  Feb.  18,  Minor  Planets  ;  Feb.  19  and  20,  Jupiter. 

Pbof.  Pbitchett  of  Glasgow,  ir.S.A.,  writes  that  he  has  seen  and 
tried  to  measure  both  satellites  of  Mars  quite  a  number  of  times 
during  the  late  opposition. 

Dr.  HueonTs  has  recenily  obtained  a  better  photograph  of  the 
spectrum  of  Sirius,  which  shows  that  the  K  line  is  really  present  as 
a  fine  line  in  this  star.  Editob. 


Astronomical  Memoranda,  1880,  February. 

Sun.  Feb.  i,  sets  4**  46",  rises  19**  40"*;  March  i,  sets  5**  39", 
rises  i8*»  44". 

Equation  of  time: — Sun  after  Clock,  Feb.  i,  13"  47';  Feb.  11, 
14"  29*;  Feb.  21,  13"  54';  March  2,  12""  13'. 

Sidereal  Time  at  Mean  Noon:^ — Feb.  i,  2o*»  44"'*3;  Feb.  11, 
21**  23"'8;  Feb.  21,  22**  3"**2;  March  2,  22*"  42"'-6. 
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Laat  Quarter,  Feb.  3,  3**  38";  New,  Feb.  9,  23**  17" 
Quarter,  Feb.  17,  15**  4^'"  ;  Full,  Feb.  25,  i3*»  22™. 

Mercury  is  in  superior  conjunctioa  on  Feb.  14. 

Venus  is  a  morning  star.  The  illuminated  portion  of  the  disk 
is  0780  on  Feb.  14,  and  0*855  ^^  March  15,  ana  the  corresponding 
diameters  i3"'9  and  i2""i. 

Feb.  I,  E.A.  iV"  9»-3,  Dec.  21**  53'  S.,  tr.  2i'»  26*,  rises  17^  22" 
Mar.  I,  20  38  -5,  18    32  S.,        22     I  17    34 

Mars  is  an  evening  star  in  Taurus,  in  quadrature  on  Feb.  23. 
His  diameter  is  io"-7  on  Feb.  i,  and  8"*3  on  March  i,  and  the 
illuminated  portion  of  the  disk  0^*894  on  Feb.  14. 

Feb.  I,  EA.  3**  25»-8  Dec  20°  44'  N.,  tr.    6^  41°",  sets  14*  40" 
Mar.  I,  4  22  -6  23    28  N.,         5  44  14     ' 

Jupiter  is  an  evening  star,  in  Pisces,  approaching  conjunction. 

Saturn  is  also  an  evening  star,  in  Pisces. 

Feb.   I,  B.A.  o**  45»-o,  Dec.  2°  17'  N.,  tr.  4''    o-  sets  io'»  i6* 
Mar;  I,  o   55  -6,  3    29  N.,        2    17  8  38 

Uranus  is  in  Leo,  about  11"  /  and  20'  «  of  p  Leonis,  in  oppo- 
sition on  Feb.  25. 


Feb. 
Mar. 


I,  E.A.  io>»  39""8,  Dec.  9^  20'  N.,  tr.  13^  53" 

"    55 


10 


Feb. 


35  -2,  9   47  N., 

PJiencnvena. 
G.  M.  T. 
h    m 
Feb.    4  16    4  <r  Scorpii  Oc.  E.  241°. 
5  19  23  [5909]  Oc.  E.  256^. 
5  27  9  Piscium  Oc.  D.  1 1 7°. 

5  32  <c  Pisdum  Oc.  D.  154°. 

6  26  K  Piscium  Oc.  E.  265°. 
y  37  fi  Arietis  Oc.  D.  78°. 
5  lo  66  Arietis  Oc.  D.  161°. 


12 

16 
17 


18 
20 


[ 


a.  JIT. 

h     m 

7  16  62  Tauri  Oc.  D.  60*^. 

8175  (5emin.  Oc.  D.  132*. 
22  17     S  C  Odncri  Oc.  D.  59°. 
24     S  18  {  Leonis  Oc.  D.  147®. 

10  39  o  Leonis  Oc.  D.  52°. 

11  54  o  Leonis  Oc  E.  246^ 
26  18    6  e  Leonis  Oc.  E.  250°. 


The  angles  are  reckoned  from  the  apparent  N.  point  towards  the 
right  of  the  Moon's  inverted  image.  Editob. 
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A  MONTHLY   KEVIEW   OF   AJSTEONOMY. 

No.  35.  MAKCH  1.  1880. 


AIWIVEESAEY  MEETING  OF  THE  EOTAL 
ASTEONOMICAL  SOCIETY. 

Friday,  i88o,  February  13. 

LoBD  Lindsay,  M.P.,  F.E.S.,  &c.,  PresiderU,  in  the  Cbair. 

Secretaries ;  Mr.  J.  W.  L.  Glaishee,  M.A.,  F.E.S.,  and 
Mr.  A.  CowpEB  Baittaed,  M.A. 

The  Minutes  of  the  last  Anniversary  Meeting  were  read  and 
confirmed. 

The  Beport  of  the  Auditors  for  the  past  year  was  read,  which 
was  to  the  effect  that  having  examined  the  Treasurer's  Account, 
and  the  account  of  the  assets  and  property  of  the  Society,  they 
certified  them  to  be  correct ;  that  the  receipts  for  the  past  year 
were  ^1411  128.  6d.  (excluding  ^700  received  for  the  advowsons 
of  Stone  and  Hartwell)  and  the  expenditure  was  X1409  155.  6d, 
(excluding  X1074  5«.  od.  invested) ;  that  the  cash  in  hand  on  the 
31st  of  December,  1879,  including  the  balance  at  the  Banker's, 
amounted  to  X258  os.  iid. ;  that  they  found  the  property  of  the 
Society  in  a  satisfactory  state ;  that  the  books  and  instruments  and 
other  effects  had  been  examined  as  far  as  possible  and  been  found 
to  be  in  a  satisfactory  condition ;  and  that  they  had  laid  upon 
the  table  a  list  of  the  names  of  those  Fellows  who  were  in 
arrear  for  sums  due  at  the  last  Annual  General  Meeting. 

Sir  Edmund  Beckett  moved,  and  Mr,  Stone  seconded,  a  resolution 
that  the  Beport  of  the  Auditors  be  adopted  and  printed^  which 
was  carried  unanimously. 

ITie  President.  I  should  like  to  mention  to  the  Fellows  who  are 
present  that  Vol.  XLI.  of  the  Society's  Memoirs,  with  18  plates 
in  it,  has  just  been  published.  It  has  been  worked  up  by  Mr. 
Banyard  during  the  last  8|  years,  during  which  period  all  his 
leisure  time  has  been  devoted  to  the  work.  I  am  sorry  that  the 
Astronomer  Boval  is  not  here  to  speak  of  it:  25  copies  only  have 
been  sent  in,  though  200  had  been  promised ;  but  there  will  be 
another  hundred  sent  in  tomorrow, 

TOL.in.  2  b 


Digitized  by 


Google 


832  Proceedings  at  Meeting  of  [No.  85. 

Mr.  Eanyard  gave  a  Bmnmarj  of  the  Beport  of  tiie  Council  for 
the  last  year: — During  the  past  year  31  ordinary  EeUows  of  the 
Society  have  been  elected,  23  have  died;  the  total  number  of 
Fellows  is  592,  and  of  Associates  43. 

In  the  Eeport  of  1878  it  was  mentioned  that  all  the  instruments 
belonging  to  the  Society  in  the  old  lisU  published  br  tiie  Council 
had  been  found  excepting  four ;  and  now  the  Council  can  account 
for  all  these  four.  There  was  only  one  instrument  supposed  to  be 
very  valuable,  and  that  was  entered  under  the  title  of  Abraham 
Sharp's  Quadrant.  During  the  past  yeai*  a  packet  has,  been  found 
containing  a  brass  plate  cOverea  with  lines  and  markings,  with 
some  notes  by  Dr.  Priestley  in  which  it  is  spoken  of  as  "  Abraham 
Sharp's  Universal  Quadrat," — a  very  interesting  historical  instru-» 
ment,  when  we  remember  what  Abraham  Sharp  did  for  the  instru- 
ments of  the  Greenwich  Observatory.  Besides  Abraham  Sharp's 
Quadrant,  the  Jleade  transit  was  missing,  and  the  greater  part  of 
it  has  been  found.  With  regard  to  No.  6  of  the  Sheepshanks 
instruments:  all  we  know  al^ut  it  is  that  it  had  been  lent  to 
Mr.  Jonathan  Cape,  and  during  the  year  we  have  heard  &om  a 
gentleman  that  a  friend  of  his  who  has  had  it  in  his  possession  was 
willing  to  return  it  to  the  Society  if  the  Council  would  purchase 
for  him  a  similar  instrument.  That  letter  was  read  to  the  Council 
in  due  course,  and  the  Council  determined  that  it  was  not  worth 
while  to  replace  that  instrument  by  a  similar  one.  It  is  a  small 
telescope  of  2|-in.  aperture,  and  of  no  real  importance  or  historic 
interest.  The  fourth  instrument  was  entitled  "  a  thermometer  ;.'* 
and  I  think  it  is  hardly  worth  while  to  take  very  much  trouble 
about  "  a  thermometer.''  Now  we  need  have  no  paragraph  with 
regard  to  missing  instruments. 

Besides  Vol.  XLI.,  Vol.  XLIV.  has  been  published  during  the 
last  year.  It  is  also  a  large  volume,  and  it  contains  a  paper  by 
Mr.  Neison,  on  a  general  method  of  treating  the  Lunar  Tneory,  by 
Mr.  Qreen  on  observations  of  Mars,  with  a  map  of  the  markings 
on  the  planet,  a  paper  by  Mr.  Maxwell  Hall,  and  a  paper  by  ]!k&. 
Bumham  on  Double-Star  observations  made  at  Chicago,  m  the  years 
1877  aiid  1878,  with  the  i8-in.  refractor. 

The  Council  regret  to  have  to  record  the  loss  by  death  of  the 
following  Fellows  and  Associates  during  the  past  year : — J.  B. 
Christie,  W.  K.  Cb'fford,  J.  T.  Cooper,  George  Creaser,  H.  M.  E. 
Crofton,  Eichard  Farley,  Isaac  Fletcher,  J.  G.  Godsman,  Sandford 
Gorton,  Eev.  H.  P.  Kamilton,  Sir  Rowland  Hill,  C.  H.  Johns, 
W.  E.  Jones,  C.  Judd,  Rev.  H.  Cooper  Key,  Sir  Thomas  Maclear, 
H.  Mann,  Eev.  J.  N.  Peill,  J.  E.  Richard,  Eev.  A.  Eobertson, 
B.  Templar,  J.  Waterhouse,  S.  C.  Whitbread,  R.  Wildmg,  Prof. 
J.  Lament  (Associate). 

Biographical  notices  of  the  above  Fellows  were  given,  including 
one  of  Sir  T.  Maclear  by  Mr.  Gill,  and  one  of  Prof.  Lament  by 
Mr.  Dunkin. 

Beports  had  been  received  from  a  number  of  obsc^-atories,  in- 
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eluding  one  from  Mr.  Common  and  one  from  Prof.  Kckering, 
Director  of  the  Haryard-CoUege  Observatory. 

Notices  were  given  of  the  Discovery  of  twenty  minor  planets  and 
o£  five  comets,  of  Auwers'  'Fundamental  Catalogue  for  Zone 
observatiims/  of  Gteuld's  *  TJranometria  Argentina/  of  Houzeau's 
'  IJranom^trie  Gendrale '  and  of  his  *  E^pertoire  des  Constantes  As- 
tronomiques,'  of  the  Selenographical  Society,  of  G-.  H.  Darwin's '  Ee- 
searches  on  tiie  History  of  the  8olar  System/  of  Oppolzer's  '  Treatise 
on  the  Orbits  of  Comets  and  Planets/  of  the  publications  of  the 
Dimsink  Observatory,  of  Lord  Eosse's  observations  of  Nebuhe  and 
Clusters,  and  of  Lord  Eayleigh's  Livestigations  in  Optics  with 
reference  to  the  Spectroscope — also  a  Eeport  on  Meteoric  Astro- 
nomy by  Prof.  A.  S.  Herschel. 

The  President,  With  regard  to  one  thing  which  is  mentioned 
in  the  Eeport,  as  to  there  having  been  five  comets  discovered  during 
the  year,  I  have  received  a  circular  from  the  Eoyal  Observatory 
at  Kiel  communicating  a  telegram  from  Dr.  Gould  as  to  a  grea4; 
comet  passing  the  Sun  northward.  I  should  have  sent  this  circular 
out  myself  on  receiving  it  had  it  not  been  that  it  was  printed ;  and 
I  did  not  feel  myself  justified  in  printing  the  circular  without 
having  leave  granted  me  from  the  person  who  printed  it  before. 
As  soon  as  the  comet  is  discovered,  I  hope  it  will  be  made  known, 
and  I  will  use  my  best  endeavours  to  forward  all  the  informa- 
tion possible  to  the  Society. 

Mr,  Dunkin,  Which  way  is  the  comet  coming  according  to  that 
telegram? 

The  President,    Northwards. 

Mr,  Dunkin,  We  received  two  telegrams  from  Kiel,  the  first 
stating  that  the  comet  was  going  northwards,  and  the  second, 
dated  one  day  later,  that  it  was  going  southwards ;  so  that  I  fear 
we  shall  never  see  it  in  England, 

The  President,  No  Medial  has  been  awarded  by  the  Council  this 
year ;  and,  in  consequence,  there  will  be  no  President's  Address. 
I  will  now  ask  that  one  of  the  Fellows  should  propose  that  the 
Annual  Eeport  be  received  and  adopted,  and  that  it  be  printed  and 
circulated  in  the  usual  manner. 

The  resolution  was  proposed  by  the  Rev,  Mr,  Harley  and  seconded 
by  Mr,  Dawning  and  carried  unanimously. 

The  President,  I  have  now  to  appoint  three  Scrutineers  for  the 
Ballot  for  Officers  and  Council ;  and  I  will  nominate  Mr.  Beck, 
Mr.  Talmage,  and  Mr.  Eand  Capron  for  the  office. 

Mr.  Mattieu  Williams.  I  received  yesterday  a  balloting-list  in 
which  it  is  proposed  to  substitute  the  name  of  Mr.  Christie  for  Mr. 
Eanyard  as  Secretary ;  and  I  wish  to  ask  the  question  whether 
Mr.  Christie  himself  is  desirous  of  this. 

Mr,  Freeman,  It  is  a  question  which  could  not  very  well  be 
answered.  Mr.  Christie  doubtless  would  oblige  the  Society  by 
accepting  it. 

Prof,  PrUcliard.    If  Mr.  Christie  or  any  other  gentleman  is  de- 
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siroas  of  being  the  Secretary,  I,  for  one,  think  he  is  not  the  person 
for  the  office.  It  is  so  important  an  office,  that  I  think  it  should  be 
rather  thrust  upon  a  sentleman  on  account  of  his  fitness  than  that 
he  should  seek  it.  And,  gentlemen — although  perhaps  I  should 
address  the  Chair — ^I  think  that  that  observation  which  I  have  pre- 
sumed to  make  should  apply  not  solely  to  the  Officers  of  the  Society. 
They  are  not  offices  that  ought  to  be  desired.  Ko  man  who  has  a. 
character  to  make  should  be  a  person  selected  to  assist  in  the 
government  of  our  Society,  but  persons  who  have  made  a  character, 
and  to  whom,  on  account  of  that  character,  we  can  entrust  the  duty 
of  assisting  in  the  government  of  this,  which  ought  to  be  a  very 
noble  Society. 

Sir  Edmund  Beckett,  I  do  not  know  whether  this  matter  is 
being  debated ;  but  Mr.  Christie  voluntarily  resigned  his  place  on 
the  Council,  I  remember,  last  year,  and  declined  to  be  put  up  again. 
I  merely  wish  to  give  that  information  in  answer  to  the  gentlemen 
who  asked  Hie  question. 

Mr,  Oliristie.  As  a  remark  has  been  made  about  my  own  per- 
sonal conduct,  perhaps  I  may  be  permitted  to  explain  the  motive 
which  led  me  to  resign  my  seat  on  the  Coimcil,  because  it  seems  to 
have  been  somewhat  misunderstood.  I  have  always  strongly  urged 
that  there  should  be  every  year  a  considerable  infusion  of  new 
blood  in  the  Council ;  and  I  thought  it  would  be  a  very  good  thing, 
as  it  seemed  invidious  to  suggest  that  anybody  else  should  go  on, 
that  I  should  set  a  good  example  and  go  ofE  myself.  I  never  in- 
tended to  withdraw  from  the  Society  or  to  refuse  to  serve.  I  do 
not  wish  to  put  myself  forward  for  any  office  or  for  the  Council. 
I  can  see  aroimd  me  at  this  Meeting,  and  also  in  the  Society  at 
large,  many  who  would  be  far  better  fitted  than  I  should  be 
myself ;  and  therefore  I  do  not  wish  to  put  myself  forward  in  any 
way.  But  I  did  not  resign  my  seat  on  the  Council,  as  Sir  Edmund 
Beckett  has  put  it,  saying  that  I  would  not  serve.  I  merely  re- 
signed for  a  period,  in  oider  to  give  some  slight  impulse  to  that 
principle  which  I  thought  it  would  be  well  for  us  to  adopt  in  the 
interest  of  the  Society. 

Mr.  Nelson,  Mr.  Christie  remarks  that  he  does  not  wish  to  put 
himself  forward  as  a  Member  of  the  Council;  and  I  can  quite 
understand  that ;  but  at  the  same  time  it  does  not  apply  to  any 
other  gentleman  in  the  Meeting  who  wishes  to  see  Mr.  Christie 
on  the  Council,  and  who  would  be  glad  to  urge  his  claims  npon  the 
Meeting.  Now  I  have  always  been  desirous  of  seeing  Mr.  Qiristie 
npon  the  Council ;  and  I  think  it  would  materially  strengthen  the 
government  if  Mr.  Christie  were  elected  to  it. 

Mr,  MouUon,  Is  it  advantageous  to  the  Society  that  there 
should  be  a  discussion  of  the  merits  of  the  candidates  before 
them? 

Mr,  Nelson,  I  beg  your  pardon ;  I  am  not  discussing  the  merits 
of  candidates.     (Confusion.) 

The  President,  1  believe  there  is  no  question  of  this  being  out  of 
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order ;  but  it  entirely  reete  with  the  Society  to  say  whether  they 
will  haye  a  discussion  of  that  description  or  not.  There  is  no 
matter  of  order.  A  simple  question  has  been  put,  and  the  dis- 
cussion is  on  that  question. 

Mr,  Ds  la  Rue.  It  may  not  perhaps  be  out  of  order ;  but  as  a 
matter  of  good  taste  I  would  ask  whether  this  discussion  should 
be  continued. 

Mr.  Neison.  Perhaps  the  Meeting  will  allow  me  to  proceed. 
(Confusion.) 

Rev,  Mr,  ffarley.  I  think  it  is  quite  competent  to  the  Meeting 
to  pass  a  resolution  either  that  the  question  may  be  discussed 
or  not ;  and  I  beg  to  more  that  simple  questions  asking  for  in- 
formation may  be  put  and  answered,  but  that  no  discussion  take 
place. 

Dr.  Pinches.  I  beg  to  second  that  proposition,  because  such  a 
discussion  would  be  interminable.  If  we  are  to  challenge  the  qua- 
lifications of  every  OfScer  that  is  proposed  to  be  elected  to-day,  we 
should  have  to  adjourn  sine  die. 

Mr.  Neison.  ISILb^j  I  be  allowed  to  say  one  word  further?  (Con- 
fusion.) 

A  F^low.  I  rise  to  a  point  of  order.  There  has  been  a  motion 
moved  and  seconded,  and  I  want  to  know  whether  Mr.  Neison  is 
speaking  to  that  motion.  If  not,  nothing  is  to  be  said  by  him. 
I  presume  that  should  be  put  to  the  Meeting  before  Mr.  Neison 
continues  any  remarks  on  the  subject. 

The  President.  I  should  have  put  it  to  the  Meeting  had  I  not 
gathered  from  what  Mr.  Neison  said  that  he  had  nothing  more 
to  say  but  one  word  before  the  resolution  was  put.  It  rests 
with  the  Society  to  say  whether  they  will  hear  his  remark  or  pass 
to  the  general  business  of  the  Meeting. 

Sir  Edmund  Beckett.  I  think  you  cannot  hear  any  remark  until 
that  particular  question  is  settled.  Any  body  can  speak  to  that 
particular  question. 

TTie  President  then  put  the  resolution : — ^*  That  no  discussion  be 
allowed  to  take  place  upon  the  merits  of  Fellows  proposed  for  Offi- 
cers or  Council,  but  that  simple  questions  asking  for  information 
may  be  put  and  answered." 

The  resolution  was  carried. 

Mr.  Chambers.  I  wish  to  ask  a  question  for  information.  About 
twelve  months  ago  the  Society  had  laid  before  it  a  number  of  very 
useful  draft-alterations  in  the  Bye-laws  of  the  Society,  because 
some  of  these  Bye-laws  are  really  out  of  date  and  useless ;  and  I 
should  ask  whether  it  is  proposed  by  the  Council  to  reopen  the 
question  of  improving  the  Bye-laws ;  and,  if  not,  what  would  be 
the  proper  form  of  action  for  a  private  Fellow  to  take.  I  ask  this 
because  I  believe  a  large  number  of  Fellows  at  a  distance  are  rather 
dissatisfied  with  our  present  election  arrangements,  and  they  de- 
sire the  introduction  of  some  system  of  voting  by  proxy ;  and  if 
the  Council  are  not  prepared  to  initiate  some  change,  I  propose 
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to  bring  forward  a  motion  (m  the  Bobject  if  the  Conneil  will  put 
me  in  the  way  of  doing  bo.    (Hear,  hear !) 

The  President.  The  method  of  election  of  OfficerB  and  of  the 
Council,  and  also  the  method  of  introducing  any  change  in  the 
Bye-laws,  are  clearly  laid  down  in  the  existing  Bye-laws.  So  far 
as  I  recollect,  it  is  necessary  for  five  Fellows  to  sign  a  requlBition, 
which  is  sent  in  to  the  Council  asking  them  to  convene  a  Special 
Qeneral  Meeting,  and  stating  the  certain  object  for  whidi  tiiat 
Meeting  is  to  be  convened.  No  other  business  can  be  d(Mie  at  sudi 
Meeting  except  what  is  stated  on  the  agenda  paper.  If  the  Council 
do  not  think  nt  to  call  such  a  General  Meeting,  1  believe  the  Fellows 
of  the  Society  who  signed  the  requisition  may  call  a  Meeting  them- 
selves. BytiieBye-kws  51  and  54,  whenever  the  Council  may 
think  it  advisable  to  propose  the  enactment  of  a  new  Bye-law,  or 
i^e  alteration  or  repeal  of  an  existing  one,  they  shall  recommend 
the  same  at  the  Annual  Meeting  next  ensuing,  or  at  a  Special 
General  Meeting  specially  called  for  that  purpose,  and  no  altera- 
tion or  repeal  shall  be  brought  forward  unless  onemcmth's  previous 
notice  thereof  shall  have  been  given  to  the  CounciL  I  fancy,  from 
Mr.  Chambers's  question,  that  he  wishes  to  know  whether  the 
Council  have  it  in  their  intention  to  introduce  any  modification  of 
the  present  Bye-laws.  The  matter  was  thoroughly  discussed,  I 
think,  two  years  ago,  and  at  that  time  it  was  considered  desirable 
to  drop  the  question.  Personally  I  should  have  preferred  to  see 
considerable  changes  made  in  the  Bye-laws,  as  I  think  many  of  tiiem 
are  antiquated  and  obsolete ;  but  I  am  not  informed  that  the  Council 
have  at  the  present  moment  any  intention  of  introducing  sndi  a 
question. 

Mr.  Neieon.  May  I  ask  if  I  am  at  liberty  to  make  any  remark 
whatsoever  upon  this  proposed  Ballot,  or  will  the  Society  persist  in 
not  allowing  me  to  say  one  word  in  explanation  ? 

Sir  Edmtmd  Beckett,  I  would  suggest  to  Mr.  Neison  that  one 
word  always  leads  to  two. 

Mr,  Neison,  It  will  not  in  this  case.  It  is  simply  to  ask  the 
Meeting  to  leave  my  name  out  of  the  Balloting-list,  and  to  insert 
Mr.  Christie's  instead. 

The  ballot  for  Officers  and  Council  was  then  proceeded  with, 
and  resulted  in  the  following  list : — President :  J,  !K.  Hind.  Vice- 
Presidents  I  Prof.  J.  C.  Adams,  Sir  G.  B.  Airy,  Prof.  Cayley,  Edwin 
Dunkin.  Treasurer;  Francis  Barrow.  Secretaries:  J.  W.  L. 
Glaisher,  "W.  H.  M.  Christie.  Foreign  Secretary :  Lord  Lindsay. 
Council :  Sir  E.  Beckett,  A.  A.  Common,  W.  Huggins,  E.  B.  Knobel, 
G-.  Knott,  W.  Lassell,  A.  Marth,  E.  Ndson,  A.  C.  Eanyard,  Prof, 
H.  J.  S.  Smith,  E.  J.  Stone,  Major  G.  L.  Tupman. 

The  following  were  balloted  for  and  duly  elected  Fellows : — 
Walter  H.  Bartlett  and  Capt.  J.  Steele. 

The  Presid^mt  announced  that  the  following  requisition,  in  accord- 
ance with  Bye-law  51,  had  been  handed  in  to  him  : — 

"  We  the  undersigned,  being  five  Fellows  of  the  Boyal  Astrono- 
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mical  Sodefy,  desiie  to  recommend  to  the  Council  the  adoption  of 
such  measures  as  maj  seem  to  them  expedient  for  a  complete  revi* 
sion  of  the  Bye-laws  of  the  Society. 

(Signed)    C.  Fbitchabi). 

G^.  F.  Chambibb. 

W.  DB  W.  Abhbt. 

HeNBT  TOTirBBE. 

«*  Feb.  13, 1880."  L.  P.  Oabella." 

Mr.  Lynn  proposed  a  vote  of  thanks  to  the  Officers  and  Council 
for  the  past  year,  at  the  same  time  expressing  his  regret  that  the 
Fellows  had  not  had  the  pleasure  of  listening  to  an  Address  from 
the  President  at  this  Meeting. 

Mr.  Brett  seconded  the  motion,  which  was  carried  unanimously. 

A  vote  of  thanks  to  the  Auditors  and  Scrutineers  was  then  pro^ 
posed  by  Mr,  Nelson,  seconded  by  Admiral  Sir  C,  Shadwell  and 
carried  unanimously. 

The  Meeting  adjourned  at  6  p.h. 


The  Great  Detonating  Meteor  0/1879,  February  24. 
Part  II. 

Ok  examining  the  difierent  accounts  of  this  magnificent  meteor, 
we  find  that  the  York,  Hull,  and  Whitby  positions  are  undoubtedly 
the  most  reliable.  Most  exact  will  be  the  end  position  41°  W.  of 
S.  from  York,  crossed  by  the  Hull  direction  at  Micklefield,  16 
miles  from  York,  midway  on  the  line  from  Selby  to  Leeds.  The 
line  from  Whitby  passes  over  Selby  12  miles  E.  of  this  spot; 
therefore  we  may  regard  the  terminal  point  as  pretty  certainly 
determined.  As  has  been  seen,  the  Dundee  report  indicates  a 
similar  position,  the  most  luminous  part  of  the  meteor's  descend- 
ing course  there  being  seen  in  a  direction  from  Dundee  which, 
when  projected  by  the  description  on  a  map,  passes  a  little  east  of 
Leeds. 

As  inTariably  happens,  however,  the  chief  difficulty  lies  in  deter- 
mining the  place  of  the  meteor's  first  appearance.  Here,  indeed, 
we  are  obliged  to  make  tentative  deductions  rather  than  to  record 
simp'e  facts.    Using  our  three  records  we  find  that 

(1)  York  observers  thought  it  passed  exactly  overhead;  but  ex- 
perience shows  that  ^'  exactly "  has  rather  a  wide  range  here,  and 
therefore  we  should  probably  pay  attention  to  the  indications  that 
the  meteor  passed  a  little  S.£.  of  the  zenith,  if  this  seems  required 
by  other  observations ;  it  may  even  be  N.E. ! 

(2)  We  assume,  with  the  Hull  observer,  that  the  meteor  began 
(behind  snow  clouds)  at  least  10°  or  15°  before  he  first  saw  it,  i.  e, 
five  or  ten  degrees  east  of  north,  from  his  point  of  view. 

(3)  Captain  Heselton's  observation,  ofE  Whitby,  gives  a  common 
beanng  of  tiie  points  of  end  and  commencement,  which  must  be 
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slightly  turned  round  to  bring  the  end  of  the  track  to  Mlcklefield, 
as  already  adopted.  The  York  and  Whitby  lines,  obtained  by 
prolonging  the  meteor's  path  backwards  from  its  concluded  end 
point  through  the  zenith  of  each  of  those  towns,  cut  the  Hull  line 
at  points  25  miles  apart,  the  point  of  the  York  intersection  being 
considerably  southwards  from  the  Whitby  one.  It  will  be  seen 
that  we  are  obliged  to  resort  to  the  line  of  first  appearance  recorded 
at  Hull,  in  order  to  obtain  a  convergence.  The  careful  diagram, 
however,  forwarded  witii  that  observation  inspires  us  with  con- 
siderable confidence  in  its  positions,  especially  as  Mr,  Walliker 
knew  the  ground  that  it  referred  to,  since  it  was  at  his  front  door 
that  he  saw  and  noted  the  appearance.  It  does  not  seem  possible 
that  the  meteor  passed  much  N.W.  of  the  zenith  at  York,  since 
observers  thought,  if  any  thing,  it  was  on  the  S.E. ;  nor  is  it  likely 
that  Captain  Heselton  was  far  wrong  in  his  positions.  We  must 
therefore  compromise,  and  may  finaUy  accept  a  spot  lying  between 
the  two  points  of  convergence,  giving  to  the  mean  of  the  three 
York  observations  a  little  more-  weight  than  to  the  single  Whitby 
one.  This  gives  us  a  position  over  the  German  Ocean  28  miles  due 
N.E.  of  Whitby,  and  48  miles  B.  15^  N.  of  Stockton.  The  pro- 
jected line  upon  a  map  from  here  to  the  concluded  end  point 
passed  five  miles  S.E.  of  the  *  Margery's '  place  off  Whitby,  and  one 
or  one  and  a  half  N.W.  of  York.  The  meteor's  greater  actual 
height  when  passing  near  Whitby  than  when  nearly  over  York 
would  make  the  zenith-distance  about  the  same  at  the  two  places, 
and  hardly  appreciable  at  either  of  them  to  ordinary  observations. 
Horizontally,  the  distance  run  over  by  the  meteor  is  87  miles 
between  the  adopted  points  of  first  and  last  appearance.  It  may 
be  remarked  that  the  observations  at  Liverpool,  Stockport, 
Birmingham*,  Shoreham,  and  Dundee  all  point  to  a  real  course 
such  as  we  have  concluded,  whilst  dU  are  opposed  to  a  paUi  passing 

*  [A  letter  in  the  Birmingham  *  Daily  Mail,'  at  the  end  of 
February  last,  states  that  two  of  the  officials  of  the  General  Post 
Office  there,  when  leaving  the  Post  Office  and  turning  westwards 
into  a  street  at  its  north-eastern  angle,  were  startl^  by  a  very 
bright  light.  On  looking  round  they  saw  in  the  sky,  away  down 
over  the  bottom  end  of  Newhall  Street,  a  very  large  and  very 
bright  pear-shaped  body,  which  lighted  up  the  whole  of  the  s^ 
and  the  surrounding  objects.  It  was  falling  slowly,  and  leaving 
a  bright  tail  of  some  considerable  length  behind  it.  Its  light 
resembled  the  electric  light.  It  soon  disappeared,  and  the  sky 
in  that  direction  became  very  black.  No  noise  or  sound  of  a 
report  was  heard.  Some  extent  of  open  sky  is  visible  to  low 
altitudes  from  the  point  indicated  across  Hill  Street  and  Ann 
Street,  to  near  the  point  of  junction  (about  300  yards  off)  of  the 
latter  street  with  Newhall  Street  at  its  southern  end.  A  Hne  from 
the  Post  Office  over  the  last  few  houses  of  Newhall  Street, 
following  this  open  view,  bears  (true)  N.N.E.,  which  is  exactly 
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nearly  or  directly  oyer  Stockton,  which  is  what  the  startling 
accounts  from  there  would  most  naturally  have  inclined  us  to 
expect.  As  to  the  height  at  appearance  and  disappearance,  the 
data  are  small,  since  ordinary  observers  usually  miscalculate 
extremely,  in  merely  estimating  altitudes.  Most  reliable  should 
be  the  altitude  of  10^  of  the  end  point,  obtained  at  York  by  a 
measured  comparison  with  the  Minster  towers.  This  altitude,  on 
a  base  of  16  miles,  gives  a  real  height  of  only  three  miles  I  So 
unlikely,  however,  is  this  result,  that  we  must  look  about  for  other 
evidence  to  furnish  us  with  a  probable  solution  of  the  final  height. 
The  violence  of  the  explosion  makes  it  almost  certain  that  the 
meteor  did  come  into  a  comparatively  dense  region  of  the  atmosphere, 
4md  therefore  very  near  the  surface  of  the  earth.  We  have,  how- 
ever, a  good  test  of  this  in  the  interval  between  the  meteor-flash 
and  the  soimd  of  the  explosion.  An  outside  limit  of  the  extent 
of  this  interval  we  saw  was  two  or  three  minutes  (24  or  36  miles); 
but  several  observers,  repeating  their  movements  during  the  in* 
terval,  agreed  pretty  closely  upon  i^  to  ij  minute,  or  15  to  18 

the  direction  of  Whitby  from  Birmingham.  The  meteor's  adopted 
real  course  over  Yorkshire  would  appear  to  descend  in  just  this 
quarter  of  the  sky  from  altitude  19  to  altitude  5°,  with  a  down- 
ward slope,  however,  0/37°  towards  the  left  from  vertical. 

The  correctness  of  the  indicated  direction,  and  the  thoroughly 
good  and  apposite  descriptions  of  the  meteor's  appearance  which 
are  generally  given  in  the  letter,  make  it  perhaps  difficult  to  re- 
concile with  the  simple  statement  that  the  meteor  "  was  falling 
slowly,"  the  very  decided  northward  slope  of  its  motion  which  the 
descending  body  must  have  presented  at  Birmingham  according  to 
the  adopted  real  path.  But  although  this  and  the  following  obser- 
vation seem  to  afford  some  presumption  that  the  radiant-point's 
position  may  have  been  rather  more  northerly,  and  that  the  meteor 
may  really  have  passed  rather  more  nearly  over  Stockton  than  the 
adopted  track  assumes,  yet  the  imcompatibility  of  this  correction 
to  any  great  extent,  both  with  the  Shoreham  observation  and  with 
the  many  good  positions  of  the  meteor's  apparent  path  obtained 
in  Yorkslure,  makes  it  more  probable  that  the  two  Midland 
descriptions  here  related  are  each  of  them  a  little  defective  in  the 
points  where  they  seem  to  be  somewhat  at  variance  with  the  general 
determination.  At  a  place  in  Cheshire,  about  12  miles  south  of 
Manchester,  Mr.  E.  P.  Greg  was  informed  that  the  meteor  was 
seen  by  a  watchman,  from  whom  a  rough  account  of  its  apparent 
position  had  been  obtained.  It  appeared  to  pass  "  from  N.E.  to 
8.E.,  at  an  altitude  of  about  45°,"  The  actual  apparent  course  at 
the  point  of  view  which  corresponds  to  the  adopted  track  would 
be  widely  different,  or  from  KE.,  alt.  25°,  to  N.E.  by  E.,  alt.  8°. 
The  broad  statement  of  its  apparent  position  communicated  to 
Mr.  Greg  would  therefore  seem  rather  to  confirm  very  roughly 
than  in  any  way  to  contradict  the  calculations.] 
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miloB.  Ev^en  if  the  observers  halved  the  altitude  iiwtead  of 
dovhUngy  as  is  usoallj  done,  die  height  is  only  six  miles.  Perhaps, 
under  all  the  ciroumstanoes,  it  wotQd  be  safer  to  do  this ;  bat 
farther  than  that,  it  seems  impossible  to  go. 

[We  maj  safely  conclude  from  this  that  the  point  of  departure 
of  the  meteoric  sound,  and  therefore  the  nearest  point  pf  approach 
of  the  meteor's  track  to  York,  was  somewhere  between  15  and  20 
miles  distant  from  that  city ;  for  according  to  the  most  recently 
developed  acoustic  theory  of  meteor-sounds,  which  admirably 
accounts  for  their  most  distinctive  and  peculiar  features,  the  petard- 
like report,  or  "  detonation,''  which  almost  invariably  ushers  them 
in,  is  not  in  general  (as  has  been  supposed)  the  effect,  either  of  ui 
explosion  of  the  meteor  itseU,  or  of  its  collision  with  lur  strata  of  in- 
creasing densil^  by  which  its  motion  is  finally  arrested ;  but  the 
imited  broadside  of  its  "  roar,"  reaching  a  hearer  simultaneously 
from  the  parts  of  its  track  nearest  to  which  he  happens  to  be 
placed.  The  sound  which  strikes  the  ear  from  further-off  portions 
of  the  track,  arriving  later  in  detail,  sinks  by  the  effect  of  inter* 
ferences  which  have  no  influence  on  tibe  first  report,  abnoet  as 
rapidly  as  the  sound  broke  out,  into  a  fainter  *'  roll "  or  rumbling 
sound,  which  mingles,  as  it  dies  away  along  the  track,  with  the 
echoes  of  the  opening  explosion.  All  the  observers'  descriptions 
of  the  character  of  the  sound  at  York  (detailed  above)  present 
excellent  examples  of  exact  accordance  with  this  explanation*.  As 
the  calculated  end  distance  of  the  meteor's  path  from  York  is  about 
16  miles,  this  distance  is  in  excellent  accordance  with  the  sound- 
interval,  if  the  path  was  a  very  steeply  descending  one ;  but  as  the 
combined  evidence  of  all  the  observations  negatives  this  assumption, 
and  shows  that  the  meteor  reached  its  end  point  passing  over  York 
by  a  moderately  sloping  rather  than  by  a  steeply  descending  course, 
it  is  evident  that  the  end  height,  at  the  adopted  place,  must  have 
been  considerably  above  three  miles,  and  probably  at  least  six  or 
seven.  Indeed  the  fireball's  proximity  at  York  may  have  led  the 
end  part  of  its  apparent  path  to  be  prolonged  downwards  by  the 
observer  .there  much  lower  than  the  dazzling  body  of  the  meteor 
really  reached  t ;  and  in  the  far-off  view  at  Hull  oiE  the  end  point, 

[*  Befractioii  of  the  sound  by  wind,  and  wann  or  cold  air  strata,  as  well  aa 
moderate  flexures  of  the  track,  may  modify  the  effect  and  character  of  the  re- 
port at  anv  place,  on  this  Tiew,  materially.  It  is  probably  to  such  influences  of 
strong  and  yery  diflorent  air-currents  in  the  snow-storm,  that  the  extraordinary 
Ttolence  of  the  explosion  heard  at  Stockton  (far  surpassing  what  was  heard  at 
Hull  and  Filey)  may  be  ascribed ;  and  even  a  curvature  of  the  track  (perhaps 
observed  at  Shoreham)  may  hare  assisted  in  concentrating  the  force  of  itseffeds 
to  the  alarming  strength  at  Stockton  which  was  there  described.] 

[t  Prof,  von  Niesd  records  a  very  similar  case  of  his  own  observation,  at 
Brann  in  Moravia,  of  the  point  of  disappearance  of  the  very  brilliant  fireball  of 
June  17,  1873.  Insteadofpassinff  behind  a  house-roof  at  last,  as  he  thought  he 
saw  it  do,  the  combined  results  of  numerous  exact  observations  showed  that  the 
point  of  extinction  had  really  been  above  the  roof,  and  that  probably  not  even 
any  dull  embers  of  the  meteor's  head  could  thence  have  been  observed  at  Prol 
von  Niessl's  distant  station  to  descend  behind  it.] 
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near  the  horiz(m,  an  earlier  and  higher  point  than  that  named  as 
the  lowest  one  at  York  may  probably  have  been  the  point,  in  the 
direction  of  Micklefield,  noted  as  the  apparent  point  01  disap^^ear- 
anee.]  Other  observers  at  York  thought  that  it  disappeared  higher 
np,  which  may  in  part  perhaps  be  accounted  for  by  clouds  [or  it 
may  perhaps  be  ^en  to  corroborate  this  explanation].  Ser^. 
Bidley  thought  it  was  at  29%  which  would  make  it  9^  miles.  He 
and  one  other  observer  seemed  to  think  that  it  hardly  moved  so 
quickly  at  first,  which  points  to  its  having  passed  pretty  close 
above  their  heads.  The  Hull  angle  (20°),  at  a  distance  of  42  miles, 
gives  15  or  16  miles;  but  halving  the  angle,  as  usual,  only  7^ 
miles.  There  is  no  other  available  report ;  for  the  45°  at  Whitby 
must  have  been  a  point  where  the  meteor  passed  behmd  a  cloud. 
Turning  to  the  beginning^  we  have  as  follows  :— 

Besnlting 
Altitude :  adapted 

given,    adopted.    Distance.  height, 

xnilee.  miles. 

o 

York    ....       58         40  71  60 

Hull 60        40  71  60 

Whitby    . .       45  (uncertain)    26  r?)  (?) 

Shoreham..       »         ix        .65  ((+!:^^?,--}         60 

Assuming,  as  usual,  a  large  exaggeration  of  the  estimated  alti- 
tudes, the  agreement  is  pretty  satisfactoiy. 

[With  regard  to  Captain  Heselton's  observation,  the  first  sign  of 
the  meteor's  light  which  he  observed  was  like  that  of  a  rising  moon 
in  the  N.  behind  the  snowing  storm-clouds,  lasting  a  second  or  so 
before  it  illuminated  the  whole  sky.  The  altitude  of  45°  at  first 
appearance  probably  relates,  therefore,  to  the  first  glimpse  of  light 
and  to  a  much  earlier  and  more  distant  portion  of  the  meteor's 
flight  than  was  either  seen  or  figured,  particularly  in  the  diagrams 
at  York  and  Hull.  It  probably  represents  very  nearly  a  point  not 
far  above  the  meteor's  radiant-point,  and,  assuming  his  nautical 
experience  of  measuring  true  altitudes  at  sea,  would  prevent  Cap- 
tain Heselton's  estimate  of  the  first  altitude  from  being  very 
materially  overrated ;  it  seems  very  probable  that  the  radiants  real 
altitude,  from  the  apparent  height  of  first  outbreak  recorded  in 
the '  Margery,'  was  not  for  from  30®  or  35°.]  The  height  above  the 
adopted  start  point  (28  miles  N.E.  of  Whitby)  given  by  the  other 
observations  is  about  60  miles,  while  that  of  the  adopted  end  point 
over  Micklefield  is  6  or  8  miles.  With  a  horizontal  extent  of  87 
miles,  this  gives  a  track  whose  oblique  length  was  102  miles,  de- 
scending with  a  slope  of  31^°  from  39°  E.  of  North,  [which  agrees 
very  well  with  what  Captain  Heselton's  account  (and  also,  see  ante^ 
\vith  what  the  Brighton  observation)  seems  to  indicate.  The 
corresponding  celestial  position  of  the  radiant-point  was  at  311° 
+  54°,  dose  to  X  Cephei,  a  position,  or  rather  region,  near  to  which 
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no  meteor-ehower  centre  in  February  has  yet  been  observed.  A 
near  approach  in  the  date  and  a  distant  resemblance  in  the  radiant- 
point  position  is  presented  by  the  comet  1845  I.  (Feb.  25,  309** 
-f  3o^*5X  and  a  distant  resemblance  in  both  respects  also  by  the  comeir 
1854,  IV.  (\Veiss,  Feb.  13,  304°  +37°'3)-  A  mean  point  for  this 
close  pair  of  cometary  radiants  had  a  point  relatively  to  the  York 
horizon,  at  the  time  of  the  meteor's  appearance,  55*^  E.  from  N., 
altitude  17^,  in  the  direction  of  Scarborough,  and  about  15°  east 
of  the  adopted  track  and  of  the  second  or  most  easterly  of  the  two 
low  slanted  alternative  ones  that  are  proposed  below,  provisionally, 
for  trial  with  it.  But  it  neither  seems  possible  to  reconcile  with  a 
track  passing,  as  this  would  do,  30  miles  over  Scarborough  and  16 
or  17  miles  over  York,  the  careful  observations  at  WhiSby  and  at 
York  of  the  meteor's  starting  place,  nor  to  explain  so  easily  with 
this  more  distant  track  the  terrible  detonation  heard  at  Stockton. 
It  conflicts  also  with  the  Birmingham  and  Manchester  descriptions^ 
although  it  would  perhaps  better  satisfy  the  accounts  of  the 
appearance  given  at  Shoreham  and  Dundee.]  Although  a  little 
latitude  must  of  course  be  allowed  to  all  these  final  data  of  the 
meteor's  real  course,  yet  the  thorough  support  which  they  receive 
in  general  from  all  the  collected  observanons  is  sufEdently  clear 
and  plentiful  to  prove  that  the  adopted  real  course  is  actually  a 
pretty  nearly  correct  determination.  The  end  point  may  have 
been  a  little  further  off  from  York  than  Micklefleld,  and  the  coarse 
a  little  higher  over  Micklefield  than  6  or  8  miles.  The  track  may 
neither  have  passed  between  nor  directly  over  either  of  the  towns 
of  York  or  Whitby,  but  perhaps  north  or  south  of  both  of  them, 
and  it,  especially  if  the  end  height  was  higher,  may  have  been  lower 
than  60  miles  over  the  North  Sea  and  40  miles  over  the  Yorkshire 
coast  at  Whitby,  descending  towards  the  middle  of  Yorkshire 
with  a  more  slight  and  gradual  inclination  to  the  earth's  horizontal 
surface. 

[We  may,  for  example,  suppose  that  it  passed,  a  little  before  its 
end  point,  10  or  12  miles  over  Micklefield,  15  or  16  miles  above  a 
point  two  or  three  miles  north  of  York,  and  about  30  miles  high 
directly  over  Whitby ;  or,  a^in,  at  the  same  height,  directly  over 
York,  and  over  the  Yorkslure  coast,  seven  or  eight  miles  S.E.  of 
Whitby.  The  shortest  distance  of  the  first  or  nearest  of  these  two 
tracks,  from  Stockton,  is  about  35  miles,  and  the  meteor's  height 
there  about  20  miles  above  the  earth.  For  the  adopted  real  patii 
the  least  distance  from  Stockton  is  rather  greater,  or  41  miles,  with 
a  meteor  height  at  the  place  of  26  miles  ;  and  the  nearest  point  is 
a  little  closer,  in  this  case,  to  the  end  point,  about  42  miles  on 
along  the  track.  The  radiants  of  the  two  less  slanting  courses 
are  respectively  at  322°  +42°,  41*^  E.  fr.  N.,  altitude  18%  and 
332°  +46°,  ss"^  E.  fr.  N.,  altitude  18°.  Considering  these  to  be 
only  very  doubtfully  supported,  a  range  of  about  15^  in  R.  A.  and 
10°  in  Dec,  to  either  side  of  the  above-determined  radiant-place, 
may  be  taken  as  the  utmost  latitude  to  be  allowed  for  the  possible 
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errors  of  its  deriyaiion.    The  probable  radiant-point,  as  nearly  as 
it  can  be  reckoned,  is  then  3 10°  ( ±  1 5°),  -f  55°  (  ±  10°). 

The  meteor-velocity  for  a  parabolic  orbit,  with  this  radiant-point, 
is  18  miles  per  second.  With  a  probable  flight  of  102  miles,  per- 
formed, as  we  have  seen,  in  not  more  than  6  or  8  seconds,  the 
observed  velocity  was  not  less  than  14^  miles  per  second.  This 
result  of  the  observations  and  reductions  agrees  so  well  with  the 
ilieoretical  velocibr,  that  it  may  also  fairly  be  regarded  as  affording 
some  assurance  of  the  general  accuracy  of  the  adopted  real  path.] 

J.  Edmuio)  Glabk. 


Fireballs  of  September  23-24,  1876  and  1879. 

A  FiBEBAiiL  several  times  as  bright  as  Yenus,  producing  a  con- 
siderable illumination  both  of  the  sky  and  at  some  places  also  of 
the  landscape  and  surrounding  objects,  appeared  in  Scotland  at  8** 
lo*"  P.M.  on  the  evening  of  the  23rd  of  September  last,  falling 
almost  vertically  down  in  the  north,  or  west,  as  seen  in  Edinburgh 
and  from  several  other  places  in  the  east  and  south  of  Scotland 
where  it  was  observed*.  Accounts  of  the  appearance  were  sent  to 
the  writer,  who  requested  descriptions  of  its  path  from  distant  ob- 
servers in  a  contemporary  Edinburgh  newspaper,  from  Silloth 
(Cumberland),  from  Southwick  and  Garlieston  in  the  south-west, 
and  from  Kennoway,  Newburgh,  Ac.  (Rf e),  Hawick,  and  Aberdeen 
in  the  east  part  of  Scotland,  besides  accounts  from  Boness  and  the 
vicinity  of  Edinburgh*  Some  of  these  accounts  contained,  as  the 
desired  communications  of  the  observers '  recollections,  maps  and 
measurements  ;  and  in  nearly  all  of  the  descriptions  the  steepness 
of  the  meteor's  decending  path  was  shown  by  an  arrow-line  sketch, 
inclining  a  Little  towards  the  right  from  vertical. 

The  meteor  was  blue  or  white,  without  any  tail  or  sparks  or 
persistent  light-streak  left  upon  its  course,  and  it  moved  rather 
slowly.  It  increased  gradually  in  the  first  two  thirds  of  its  course 
from  the  brightness  of  Sirius  to  several  times  that  of  Venus,  and 
then  as  gradually  decreased  until,  at  about  the  brightness  of  Venus 
at  last,  it  rather  suddenly  collapsed,  about  3°  before  its  end  point, 
to  a  small  red  spark  as  bright  as  a  first-magnitude  star,  which 
quickly  afterwards  disappeared.  Both  the  position  and  the  duration 
of  the  meteor's  course  (a  path  of  25°  in  between  3  and  4  seconds) 
were  recorded  and  well  mapped  by  the  stars  in  Edinburgh,  from  a 
good  view  of  the  meteor's  passage  from  the  Calton  Hill. 

The  real  position  of  the  end  point  is  well  determined  by  a  good 
bearing  on  a  map  (along  and  across  West  Union  Street)  in  Aber- 

*  A  deeoription  of  this  meteor,  as  obeerred  in  Edinburgh  by  the  writer,  was 

S>en  in  Mr.  Denning's  Notes  for  November  (No.  31,  p.  204)  of  "  Becent  Meteor 
bsenrations." 
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deen*.  Compared  with  the  view  of  the  meteor^s  extinction  in 
Edinburgh,  this  direction  shows  that  the  bright  nucleus  itself 
disappeared  about  35  miles,  and  the  small  spark  or  ember  which 
remained  afterwards  about  20  miles  above  a  point  between  Lodi 
Laggan  and  Loch  Oich,  10  miles  N.E.  from  Ben  Nevis,  The 
direction  of  the  course  bv  which  it  reached  this  spot  was  from. 
an  altitude  of  80^  above  the  S.W.  point  of  the  horizon,  or  from  a 
radiant-poiat  at  288^  +48°  (±5°),  between  t  Cygni  and  x  Lyr». 
This  position  is  established  very  accordantly  by  the  intersections 
with  each  other  of  six  or  seven  pretty  widely  distributed,  inde- 
pendently recorded  Lines  of  flight.  It  can  scarcely  be  in  error  more 
than  four  or  five  degrees,  from  the  assemblage  at  this  place,  and 
close  proximity  all  round  it,  of  the  backward  prolongations  of  so 
many  nearly  vertical,  distantly  and  independently  recorded  apparent 
slopes  of  path. 

As  mapped  in  Edinburgh,  the  meteor  began  its  course  at  a  height 
of  75  miles,  almost  vertically  over  Ben  Nevis.  It  pursued  its 
path  to  its  point  of  final  disappearance  for  a  distance  of  10  miles 
measured  horizontally,  and  of  55  miles  in  the  direction  of  its  line 
of  flight  or  of  its  actual  descent.  The  time  occupied  in  this  length 
of  path  ^was  about  3^  seconds,  as  observed  at  Edinburgh,  maklog 
the  meteor's  velocity  relatively  to  the  earth  about  16  miles  per 
second.  That  of  a  meteor  with  the  observed  radiant-point  moving 
originally  in  a  parabolic  orbit  round  the  sun  would  be  15^  miles  per 
second.  This  verv  near  agreement  of  the  actually  noted  velocity 
of  the  fireball  with  a  theoretical  one  belonging  to  an  orbit  of  the 
same  form  as  those  pursued  by  the  majority  of  comets,  is  not,  it 
should  be  noticed,  arrived  at  in  this  case  by  any  modification  or 
adjustment  to  each  other  of  the  original  observations.  The  near 
conformity  with  the  theory  is  quite  unsought  for,  and  it  results 
only  from  a  geographical  projection  together  of  well-described 
positions  furnished  at  two  stations  sufficiently  far  apart,  and 
favourably  enough  situated  with  respect  to  each  other  and  to  the 
meteor's  track,  to  afEord  a  satisfactory  determination  of  the  length 
and  position  of  the  fireball's  real  patii,  the  time  of  flight  of  which 
had  at  the  same  time  been  attentively  and  carefully  ob^rved. 

The  recorded  course  and  velocity  of  the  lai^e  fireball  of  Sep- 
tember 24th,  1876,  which  fell  at  dusk  (6^  30"  p.m.,  Greenwidi 
time)  with  prodigious  brilliancv  from  about  60  miles  above  the 
coast  of  Belgium  to  a  low  height  over  the  English  Channel  near 

*  A  compass-meaflurement  from  reooUection  at  Kennowav,  in  Fife,  supidieq 
an  intermediate  direction,  between  t^ose  at  Edinburgh  and  Aberdeen,  or  tba 
end  point,  which  converges  with  them  pretty  accurately  to  the  same  position. 
Azimuths  obtained  by  similar  measurements  at  Hawick,  and  by  the  stars  at 
Boness  and  Newburgh,  were,  from  their  doee  neighbourhood  to  Edinburgh,  and 
only  superficial  exactness,  incapable  of  affording  useful  combinations ;  and,  again, 
bearings  at  Silloth,  Southwicx,  and  Gkrlieston,  all  of  them  far-distant  places 
pretty  favourably  situated  for  determining  the  meteor's  real  path,  were  noted 
as  estimations  only,  and  acoordin^y  failed,  as  is  the  common  wont  of  such  de- 
scriptions,  to  indicate  even  approximately  troe  directions. 
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Ostend*,  bear,  it  would  seem  (however  doubtfully  any  inferences  of 
connection  between-  the  two  meteors  may  be  gathered  from  the 
fact),  a  strikingly  well-marked  resemblance  to  those  of  the  present 
meteor  of  nearly  the  same  date  in  1879.  Both  of  these  fireballs 
of  September  23-24,  appearing  in  England  and  Scotland  soon  after 
sunset,  penetrated  the  upper  regions  of  the  earth's  atmosphere  for 
some  50  miles,  ahnost  vertically  downwards,  with  slow  speeds  of 
15-16  miles  per  second,  agreeing  closely  with  parabolic  speeds  of 
13-16  miles  per  second  for  the  two  radiant-points  from  which  they 
were  respectively  directed,  of  the  former  and  larger  meteor  at 
285*^  +35°  (±5°)  near  ^,  and  of  the  latter,  less  bnlliant  one,  at 
288°  +  48°  (  ±  5°)  near  w  Lyrse.  The  two  radiant-points,  although 
they  are  only  approxii^ately  determined,  cannot,  wdth  fairness  to 
the  observations,  be  regarded  as  truly  concentric,  or  as  exactly 
coinciding  wijh  each  other  in  position,  but  they  are  yet  very  near 
together ;  the  longitudes  of  the  two  nodes  also  scarcely  differ  from 
each  other  two  degrees  on  the  ecHptic ;  and  a  parabolic,  or  nearly 
parabolic  path,  of  each  of  the  two  meteors  is  a  common  form  of 
their  orbits  which  seems,  from  the  good  and  particular  character  of 
the  observations,  to  be  pretty  satisfactorily  established. 

The  grand  fireball  of  September  24th,  1 876,  even  with  its  extreme 
brilliancy  at  disappearance,  only  15  or  16  miles  above  the  sea,  did 
not,  as  far  as  all  the  known  preserved  accounts  of  its  appearance 
state,  produce  any  audible  explosion ;  from  other  singularities  of 
its  appearance  also,  it  can  scarcely  have  been  aerolitic  or  have  pro- 
jected any  stony  masses  of  its  materials  to  the  earth.  It  was  more 
probably  similar  in  its  nature  and  in  the  consistency  of  its 
substance  to  the  large  but  silent  fireballs  which  sometimes  form 
part  of  the  meteor-bearing  comet-streams  of  April,  August,  and 
November.  It  reached  two  principal  maxima  of  brightness  in  its 
course  (the  first  very  large,  and  the  last  of  them  thoroughly 
dazzling  and  resplendent)  in  two  equal  lower  section-lengths  of  its 
path.  Between  these  two  phases  of  resplendency  it  sank  almost 
suddenly  to  its  original  bnghtness  of  an  ordinary  &lling  star, 
which  was  the  rather  inconspicuous  appearance  that  its  nucleus 
presented  in  an  upper  or  previous  similar  section-length  at  the 
beginning  of  its  track.  At  the  last  coUapse  of  the  bright  nucleus, 
which  was  as  sudden  as  the  first,  it  disappeared  totally,  leaving  on 
the  lower  portion  of  the  track,  between  about  1 5  and  30  miles 
above  the  sea,  a  white  cloud-streak  in  the  sky,  visible  at  the  Orwell- 
Park  Observatory,  near  Ipswich,  for  sixteen  minutes  before  it  dis- 
appeared. The  nucleus  was  round  and  scarcely,  if  at  all,  pear- 
shaped,  without  any  tail  or  flakes  of  sparks  flying  from  it,  as  de- 
scribed by  Mr.  J.  I.  Hummer  at  the  latter  place ;  and  its  light 
was  white  or  blue  without  any  prismatic  colours.     In  this,  and 

^  A  oolleotion  of  original  acoounta  of  this  fireball  is  preseryed  and  discussed 
in  the  volume  of  the  British  Association  Beports  for  1877,  pp.  108,  13^  and 
1 38.  The  parabolic  Telocity,  12  miles  per  second,  giyen  for  its  radiant-pomt  on 
p.  134,  should  be  13  miles  per  seooud. 
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in  its  sudden  subsidence,  first  to  a  small  spark  in  midcourse, 
and  finally  to  total  extinction,  the  aspect  of  the  nucleus  must  have 
nearly  resembled,  on  a  much  larger  scale,  the  gradually  increasing 
round  blue  disk,  without  any  tail  or  sparks,  and  the  sudden 
diminution  of  the  ball  of  light  at  last  to  a  mere  spark-like  ember 
in  its  flight,  which  were  noted  in  the  smaller,  but  yet  rery  con- 
spicuous and  abundantly  well-observed  fireball  of  September  last. 

Although  the  smaller  fireball  left  no  streak,  yet  this  is  also  a 
common  character  of  the  smaller  April  Lyrids,  while  larger  meteors 
of  that  shower,  and  also  of  the  December  Geminids^  leave  phos- 
phorescent streaks ;  and  in  its  first  moderate  expansion  the  great 
fireball  of  September  24,  1876,  itself  left  no  enduring  light-streak 
on  its  track.  But  it  should  also  be  recoll^[;ted  that  the  enduring 
visibility  of  the  large  meteor's  streak  was  doubtless  due,  in  great 
measure,  to  reflection  of  sunlight  from  its  particles,  since  in  the 
cloudless  heights  of  20-30  miles  above  the  surface  of  the  sea  in 
which  its  middle  and  upper  portions  were  deposited,  the  sun  had 
only  set  from  a  quarter  to  half  an  hour  during  the  time  that  it  re- 
mamed  in  view,  whereas  it  had  set  from  three  quarters  of  an  hour 
to  an  hour,  and  the  shades  of  nightfall  had  begun  to  settle  darkly 
upon  both  shores  of  the  English  Channel,  when  observers  there 
were  watching  the  '^  chalk-mark  in  the  sky ''  of  the  meteor^s  streak 
resolve  itself  into  cloud-wreaths,  and  gradually  fade  away  to  dis- 
appearance. Whether,  therefore,  the  "  white  wreath  "  in  the  sky 
that  marked  the  end  portion  of  this  exceptionally  large  fireball's  track 
was  a  truly  phosphorescent  or  only  a  sunlit  smoke-cloud,  cannot 
now  be  affirmed ;  and  could  not,  without  the  assistance  of  a  spectro- 
scope and  a  sufficiently  attentive  study  of  the  appearance  of  its 
spectrum  at  the  time,  have  been  certainly  determined. 

There  b  thus  no  reason  to  regard  the  occurrence  in  twilight  of  a 
light-cloud  on  the  track  of  the  vastly  larger  fireball,  and  the  total 
absence  of  any  such  appendage  in  the  night-time  on  that  of  the 
much  smaller  one,  as  any  real  proof  of  physical  difference  between 
diem,  in  the  nature  and  character  of  their  materials.  The  several 
features  and  phases  of  appearance  of  the  nuclei  of  both  these  fire- 
balls, it  may  rather  be  asserted,  favour  the  supposition  that  they 
were  originally  of  a  like  description  in  respect  of  their  constitution 
or  of  the  structure  and  composition  of  their  substance.  The  con- 
sideration of  their  appearance,  therefore,  notwithstanding  the 
great  difference  o£  their  magnitudes,  serves  to  strengthen  the 
probability  of  the  conclusion  that  these  two  September  fireballa 
may  perhaps  have  been  somewhat  erratic  members  of  a  common 
meteor-stream. 

In  his  general  list  (1876,  No.  113),  Mr.  Greg  notes  a  pretty 
active  meteor-shower  in  August  and  September,  at  281°  +38^;  but 
the  individual  determinations  which  it  includes  have  rather  high 
decUnation  in  September.  Thus  G.  and  H.  B5,  lasting  to  Sept. 
25,  at  285''  4-44°,  Heis  B„  Sept.  1-30,  286°  +57°,  and  Schmidt, 
Sept.  I- 10,  290°  +58°,  are  the  only  meteor-showers  in  this  neigh- 
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bourhood  yet  recorded  in  September.  The  first  of  these  fairly  bears 
comparison  with  the  observed  radiant-points  of  the  fireballs  of  Sep- 
tember 23-24 ;  and  as  they  seem  to  confirm  the  existence  of  such  a 
meteor-stream,  shooting-stars  and  fireballs  observed  on  the  two 
nights  of  September  23rd  and  24th  should  be  mapped  and  com- 
pared with  the  radiant-region  in  Lyra  from  tvhich  they  emanated, 
to  ascertain  if  they  conform  to  it.  The  extent  and  character  of 
the  meteor-system  of  which  these  two  fireballs  may  have  been 
representatives  will  thus,  perhaps,  in  time  disclose  itself ;  and  much 
liAt  would  be  thrown  upon  the  doubtful  question  of  the  origin 
of  these,  and  of  similar  sporadic  fireballs,  if  the  fireball  system 
which  ihej  form,  or  the  shooting-star  system  to  which  they  belong, 
should,  in  this  way,  ultimately  come  to  be  more  definitely  deter- 
Baiiwd.  A.  S.  Hebsohel. 


The  December  Geminids,  1879. 

The  following  is  a  detailed  account  of  the  partially  successful 
observation  obtained  this  year  of  the  December  Gteminids. 

Previous  to  Dec.  7,  cloudy  weather  and  the  moonlight  interfered 
with  the  observations,  and  doudy  skies  unfortunately  prevented 
watdiing  on  Dec.  8,  10,  it,  13,  and  14 ;  but  on  Dec.  7,  9,  and  12 
the  sky  remained  generally  clear,  and  good  observations  were  ob- 
tained, the  deduced  results  being  considered  of  value,  inasmuch 
as  they  offer  a  partial  solution  at  least  of  the  question  regarding 
the  cause  of  this  radiant's  seeming  difEuseness. 

The  evening  of  the  7th  was  remarkably  warm  and  the  sky  very 
clear;  and  a  watch  of  4  hours  was  sustained  from  7**  to  ii'*,  20 
meteors  being  recorded.  Of  the  20  noted,  8  radiated  from  positions 
in  Gemini  as  follows : — 5  very  accurately  from  near  d  G^eminorum, 
at  R.A.  100°,  +35°,  and  3  indicated  quite  exactly  a  position  near 
a  GFeminorum,  at  R.A.  110%  +33°- 

From  ihe  former  position,  the  meteors  were  long,  faint,  and 
rapid,  while  those  from  a  G^minorum  were  short,  bright,  and  rapid. 
Of  the  unconformable  meteors,  2  or  3  were  evidently  members  of 
the  Taurids  U.,  and  three  short  and  bright  meteors  indicated  a 
position  near  a  Aurigw,  at  EA.  75°,  +45^.  On  the  9th  a  watch 
of  2  hours  was  obtained,  from  8**  to  Io^  in  a  nearly  clear  sl^, 
and  only  7  meteors  were  noted,  4  being  from  the  positions  in 
Gemini,  2  each  from  6  and  a  Geminorum. 

On  the  12th  an  observation  of  3^  hours  was  obtained  in  a  very 
dear  sky,  from  8^  to  1 1^^ ;  and  meteors  were  found  to  be  more 
numerous  than  during  tlie  previous  evenings,  37  being  recorded, 
the  hour  from  10  to  11  producing  16. 

The  Gleminids  furnished  the  majority  of  those  seen,  2 1  belonging 
to  this  shower  or  showers.  Of  the  21  noted  from  Gtemini,  6 
radiated  frpm  the  position  near  0,  and  15  (representing  the 
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principal  shower)  radiated  very  accurately  from  near  a  G^minomm. 
The  meteors  from  the  position  near  Q  Gheminonim  were  generally 
long,  faint,  and  rapid,  as  during  the  previous  evenings,  while  those 
from  the  position  near  a  G^minorum  were  very  short,  quite  bright, 
and  generally  very  rapid,  their  extreme  shortness  being  noticeable 
even  at  some  distanoe  from  the  centre  of  radiation,  two  or  three 
being  nearly,  if  not  absolutely,  stationary.  Several  very  bright 
ones  were  recorded,  and  these  were  invariably  of  a  beautiful 
emerald-green  colour. 

The  brighter  meteors  were  generally  accompanied  by  streaks, 
but  the  fainter  ones  (=2  mag.  stars  and  under)  were  not. 

Of  the  2 1  recorded  from  Gemini,  4  were  seen  from  8**  to  9**, 
5  from  9^  to  lo^  9  from  io*'to  ii\  and  3  from  11**  to  ii^\  The 
meteor-tracks  mapped  on  the  7th  and  9th  were  deduced  separately 
from  those  recorded  on  the  12  th,  but  no  shifting  of  either  position 
could  be  detected.  The  mean  of  the  two  positions  would  give  a 
radiant  at  about  E.A.  106°,  4-34*^.  No  contemporary  displays  of 
any  intensity  could  be  detected,  although  2  or  3  of  the  uncon- 
formable meteors  mapped  belonged  to  the  Taurids  11.,  and  i  or  2 
radiated  from  the  position  near  a  AurigSB,  at  75°  +45°.  The 
characteristic  features  of  the  meteors  belonging  to  the  two  centres 
of  radiation  in  Gbmini  deduced  were  remarkably  disfiimilar  through- 
out the  series  of  observations,  and  would  seem  to  show  almost  con- 
clusively that  two  meteor-streams  lie  very  close  together,  although 
perhaps  representing  detached  portions  of  the  same  meteor^warm. 

There  was  a  steady  aiux>ral  glow  present  in  the  north  on  the 
12th.  Enwnr  F.  Sawtbb. 

Oambridgeport,  Mass.,  U.S.A., 
Pec  16,1879. 


Proposed  Monument  to  Halley. 

In  the  January  Number  of  the  *  Observatory '  last  year  a  notice 
was  given  of  Mrs.  Gill's  simple  narrative  of  the  expedition  to 
Ascension  in  1877,  made  by  her  husband  (whom  she  accompanied) 
for  the  determination  of  the  Solar  Parallax  by  observations  of 
Mars  in  opposition.  It  will  be  remembered  by  the  readers  of  the 
modest  but  successful  little  book  that  in  it  a  lively  account  is  given 
of  the  pleasant  detention  at  St.  Helena  of  the  party  whilst  awaiting 
transhipment ;  and  we  are  pleased  that  the  astronomical  associations 
of  this  historic  island  brought  to  mind  by  Mr.  and  Mrs.  Gill  are 
not  unlikely  to  bear  good  results  in  causing  a  lasting  memento  of 
the  great  Halley  to  be  erected  on  the  actual  site  of  his  observatory. 
We  read  at  p.  33  as  follows ; — 

"  David  strolled  along  to  *  Halley*s  Mount,'  to  search  for  the 
site  of  the  observatory  where  Halley,  in  1677,  made  his  catalogue 
of  southern  stars  and  observed  the  transit  of  Mercury.    We  did 
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not  knoFw  whether  any  record  of  this  work  remained  in  stone  and 
lime ;  and  it  was  a  pleasant  surprise  to  find  on  the  spot  that  an 
astronomer's  eye  at  once  picked  out  as  the  most  favoorable  a  bit 
of  low  wall,  duly  oriented,  and  overrun  with  wild  pepper  {Gluytia 
pulchella).  This  had  been  the  observatory  without  doubt;  and 
near  to  it  is  a  quarry  from  which  the  stones  for  its  erection  had 
evidently  been  taken.  So  charmed  was  my  husband  with  this 
interesting  record  of  the  work  of  200  years  ago,  that  his  investi- 
gations and  surmises  regarding  it  left  us  short  time  to  linger  in 
the  little  hollow  lying  near  the  foot  of  Halley's  Mount.'' 

Then  and  there  the  present  astronomer  at  Cape  Town  expressed 
to  the  writer  of  this  notice,  who  was  with  him,  his  desire  of  seeing 
this  neglected  site  recognized  by  some  memorial,  however  humble  ; 
and  there  is  now  reason  to  hope  that  the  subject  will  be  ventilated 
and  soon  assume  a  tangible  form.  A  simple  monument  will  best 
suit  the  subject  and  the  locality  to  mark  the  very  spot  of  Halley's 
observations;  but  a  more  practical  monument,  and  one  really 
needed,  would  be  the  reestablishment  of  Johnson's  observatory, 
whose  desecration  Mrs.  Gill  pathetically  laments  at  p.  26 : — '*  I 
say  observatory ;  alas !  it  is  so  no  longer.  Fallen  from  its  high  estate, 
it  is  now  the  artillery  mess-room ;  and  in  the  recesses  formed  for 
the  shutters  of  the  openings  through  which  Johnson's  transit  used 
to  peep  they  stow  wine-glasses  and  decanters,  and  under  the  dome 
they  play  billiards !  It  may  appear  ungrateful  to  speak  so  of  a 
change  which  was  productive  of  so  much  kindness  and  hospitality 
to  ufl ;  I  do  not  grudge  the  hospitable  St.-Helena  mess  their  mess- 
room,  but  I  do  regret  that  so  fine  a  site  for  an  observatory  is 
vacant." 

To  the  readers  of  the  *  Observatory '  the  name  of  Halley  needs 
no  recommendation,  although  to  the  modern  public  we  fear  the 
name  conveys  but  misty  and  vague  recollections  as  nebulous  as 
cometary  emanations.  The  list  of  his  scientific  achievements  yields 
to  few  in  rank  and  importance.  His  transit  method  for  obtaining 
the  solar  parallax,  his  prediction  of  the  periodic  comet,  and  the 
discovery  of  the  acceleration  of  the  Moon's  mean  motion  would 
alone  entitle  him  to  a  proud  position  among  our  scientific  worthies, 
without  counting  his  laborious  service  to  the  state  by  his  improve- 
ment of  the  method  for  obtaining  the  longitude  and  calculation  of 
the  Lunar  tables,  his  tide  observations  and  cartography  of  the 
Channel  coasts,  and,  lastly,  his  optical  investigations.  We  do  not 
often  think  of  him  as  a  sailor ;  and  yet,  previous  to  Cook,  Capt.  E. 
Halley  was  our  first  scientific  voyager  and  the  constructor  of  the 
Yimous  magnetic  chart  with  the  isogonal  curves  of  variation,  better 
known  as  the  "  Balleian  lines ;"  whilst  not  least,  the  friend  and 
coadjutor  of  Isaac  Newton,  it  was  owing  to  his  energetic  zeal  that 
the  nrst  edition  of  the  'Principia'  was  published  in  1686-7. 

The  little  island  of  St.  Helena  has  not  much  to  be  proud  of; 
surely  the  great  name  of  Edmund  Halley  should  be  inscribed  on 
the  mount  where  he  won  his  spurs  on  the  lonely  rock  in  mid 
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ocean  under  Capricorn  I  Whilst  speaking  of  St.  Helena,  it  may 
not  be  out  of  place  to  rem^k  that  this,  the  smallest  and  most 
isolaited  of  oi;r  many  small  insular  colonies,  possesses  in  the  person 
of  its  governor  a  most  enthusiastic  astronomer,  bom  and  bred  as 
such  we  mar  say ;  for  his  boyhood  was  spent  beneath  the  shadow 
of  Johnson  s  observatory,  when  it  was  used  as  such,  and  he  has 
ever  since  imbibed  the  astronomical  atmosphere  which  environs  the 
island  he  has  never  yet  left,  besides  which  he  is  no  distant  rdbition 
of  the  great  Encke. 

No  more  ardent  admirer  of  Halley  exists  than  Hudson  Ealph 
Janisch,  C.M.G..  F.B.A.S. ;  and  under  such  an  administrator  of  the 
government  it  is  fit  that  the  monument  should  be  raised  in  the  island. 

As  may  be  imagined,  in  such  an  insular  position,  in  the  heart  of 
the  southern  trades,  and  right  in  the  homeward  track  of  the  Aus- 
tralian and  East-Indian  shipping,  the  time-ball  and  clock  are 
most  important  items  in  the  economy  of  a  colony  dependent  upon 
ocean-going  vessels  for  its  existence ;  and,  to  the  credit  of  the 
Governor,  be  it  said  that  he  personally  regulates  both  by  astro- 
nomical observation. 

It  is  an  inexplicable  anomaly  that  His  Excellency  should  have  to 
content  himself  with  a  home-constructed  amateur  observing  statioi^ 
in  the  recess  of  a  deep  ravine,  whilst  six  hundred  feet  above  it  is  ^ 
scientificallv  constructed  observatory  commanding  an  extensive 
horizon,  solely  used  as  a  smoking  symposium. 

Space  does  not  permit  more  than  this  brief  notice  of  the  intentioi^ 
of  several  of  those  interested  in  the  island,  as  weU  as  in  Halley'a 
work,  to  e^ect  such  a  monument  as  we  have  mentioned ;  and  from 
our  universities  and  observatories  we  hope  that  a  hearty  responae 
may  now  be  given  to  the  call  for  aid  in  the  erection.  It  is  pro- 
posed to  convoke  a  meeting  in  London  early  this  season,  when  all 
those  who  care  to  aid  in  the  work  will  be  invited  to  attend.  We 
also  hope  to  be  able  to  announce  the  long-looked-f  or  biography  of 
Halley,  the  compilation  of  which  has  for  some  time  been  in  course 
of  preparation  for  the  press. 

In  the  '  Graphic '  of  February  28th  there  is  given  an  engraving; 
after  a  sketch  of  our  own,  and  well  rendered  on  wood  by  Sir.  IdU 
J.  Skill  (of  the  Institute  of  Painters  in  Water-colours),  ts^en  itoaa 
the  eastern  side  of  the  mount ;  and  in  an  early  number  of  tho 
'  Gardener's  Chronicle '  this  month  will  be  shown  a  most  interesting 
view  in  the  valley  under  the  western  side  of  118110/8  Moont^ 
showing  the  indigenous  composite  vegetation,  notably  Lackanodts^ 
the  so-called  she-cabbage  tree  of  the  islanders,  which  in  this  secluded 
spot  yet  lingers  out  its  doomed  existence.  The  former  drawing 
shows  the  modem  exotics,  and  the  latter  the  pristine  and  native 
plants,  which  reigned  supreme  at  the  time  of  HaUe/s  visit  in  the 
seventeenth  century.  S.  P.  Oliteb. 
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Astronomy  for  Beginners*. 

Atrt  otns  desirbuff  of  giving  his  children  some  notion  of  the  rehrtive 
pmbAonB  of  the  planets,  and  of  their  peculiar  physical  features, 
vnil  go  a  grieat  way  in  converting  them  into  young  astronomers  by 
presenting  to  them  a  copy  of  Miss  Gibeme's  excellent  little  book, 
entitled  *  Ban,  Moon,  asid  Stars  ;  a  Book  ior  Beginners/  which  has 
lately  appeared  in  an  attractive  form,  with  sevenu  coloorod  plates  of 
astronomical  phenomeliia,  and  a  pre&ce  contributed  by  the  Sikvilian 
Professor  of  Astronomy  at  Oxford,  who  introduces  the  work  to 
the  public  as  a  tale  of  the  stellar  universe  told  with  great  simplicity 
in  an  earnest  and  pleasant  style,  free  from  any  considerable  inac- 
curacy or  any  unpaffdonable  exaggeration.  In  it  we  have  the  out- 
lines of  elementary  astronomy  almost  entirely  expressed  in  untech* 
nical  language ;  and  we  are  inclined  with  I^ofessor  Pritchard  to 
regard  tHs  successful  attempt  at  explaining  a  great  subject  in  com- 
mon words  as  a  considerable  feat  in  popu£lr  astronimiical  writing, 
and  one  of  much  practical  utility. 

On  glancing  over  the  pages  of  this  little  volume,  which  has  no 
pretensions  further  than  as  a  first  book  on  astronomy,  we  were* 
much  struck  with  the  general  astronomical  accuracy  pervading  the 
work,  from  the  first  chapter  to  the  last ;  and  though  of  necessity 
only  the  barest  elementary  outline  of  the  great  results  of  modem 
astronomical  research  is  given,  the  authoress  is  evidentlv  at  home 
in  her  subject,  and  she  has  anrailed  herself  of  the  material  found  in 
the  most  recent  editions  of  reliable  treatises  on  astronomy.  She 
has  therefore  from  the  best  sources  derived  the  principal  facts 
worked  up  by  her  with  great  literary  skill  into  the  interesting  and 
pleasing  story  of  the  progress  of  our  science,  which  will,  we  are 
certain,  afford  instruction  to  many  a  young  student,  and  even  to 
others  of  more  mature  years,  who  are  entering  for  the  first  time  on 
the  study  of  astronomy,  and  to  whom  more  advanced  and  technical 
treatises  are  sealed  books. 

There  are,  we  believe,  some  astronomers  who  are  inclined  to 
consider  that  elementary  popular  works  on  astronomy  of  this  kind 
do  littie  towards  the  real  promotion  of  the  science,  on  account  of 
ihe  general  absence  of  detoil  in  the  descriptions,  and  that  such 
works  are  locked  upon  and  esteemed  more  for  their  artistic  appear- 
ance and  entertaining  reading  than  as  a  means  for  acquiring  solid 
information.  This  is  in  some  respects  true ;  but  we  happen  to 
know,  from  experience,  that  in  recent  years  a  love  for  the  science 
has  been  created  among  a  large  class  of  inquirers  after  knowledge 
by  the  perusal  of  such  popular  and  untechnical  explanations  of  the 
movements  of  the  heavenly  bodies  as  can  be  found  in  this  little 
book,  and  in  several  others  that  we  could  name.    In  fact,  many 

*  Sun,  Moon,  and  Stars;  a  Book  for  Beginners.  By  Agnes  Gibeme. 
With  a  preface  by  the  Key.  0.  Pritchard,  M.A.,  P.B.S.,  &o.  London :  iSeeley 
and  Co.,  i88o. 
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who  have  eventually  turned  out  to  be  good  amateur  observers  have 
first  acquired  a  taste  for  astronomy  from  the  attractive  manner 
with  which  the  subject  has  been  Often  presented  to  the  reader  in 
elementary  and  popular  works.  We  should  like  to  know  how 
many  of  the  Fellows  of  the  E.  A.  S.  owe  their  first  introduction  to 
the  science  to  the  perusal  of  some  popular  treatise  on  astronomy. 

In  Miss  Gibeme's  nicely  printed  book  the  descriptions  of  the 
different  members  of  the  solar  system  are  given  in  two  separate 
parts,  the  first  of  which  is  in  some  measure  introductory  to  the 
second,  as  the  latter  contains  many  additional  details  respecting 
each  of  the  planets.  A  third  part  is  devoted  to  a  consideration  of 
the  principal  objects  in  the  stellar  universe,  including  the  results 
of  the  spectrum  analysis  of  the  light  of  different  types  of  stars. 
The  coloured  plates  will  be  attractive  to  many,  though  we  cannot 
help  thinking  that  some  of  them  are  iear  more  sensational  and  ima- 
ginary than  what  can  ever  be  found  in  nature,  especially  the 
supposed  lunar  landscape  and  the  made-up  illustration  of  the  ap- 
pearance of  the  heavens  at  midnight  on  Saturn.  Both  of  these 
might  well  have  been  omitted  without  detracting  from  the  useful- 
ness of  the  book.  We  have,  however,  read  the  work  with  a  con- 
siderable degree  of  pleasure  ;  and  we  can  have  no  hesitation  in  in- 
dorsing Professor  Pritchard's  opinion,  that  it  supplies  an  undoubted 
want,  and  that  it  is  an  easy  and  untechnical  exposition  of  our 
science  well  suited  to  beginners.  E.  Dukkot. 


The  Double  Star  S  547.     A  Variable  of  long  period  ? 

This  difficult  double  star  was  discovered  by  £  in  1829,  ^^^  ^^'^ 
measured  by  him  in  1829  and  1832.  He  describes  it  as  *' Anonyma, 
major  8*5,  minor  11*5,''  and  adds  ''mensurse,  ob  comitis  debilita- 
tem,  minoris  sunt  prsecisionis." 

The  next  measure,  so  far  as  I  know,  is  that  hy  Madler  in  1845. 
Then,  after  a  long  interval,  it  was  looked  up  by  Dembowski  in 
1865,  but  without  success  ;  the  companion  was  invisible. 

In  1879,  while  compiling  a  list  of  binary  stars,  I  frequently 
turned  to  this  object,  but  always  without  seeing  a  trace  of  the 
minute  comes.  However,  on  receiving  a  copy  of  Mr.  Bumham's 
recently  published  measures  of  double  stars,  I  was  much  pleased 
to  find  that  he  too  had  sought  for  the  missing  star.  He  also 
failed  in  1873,  1876,  and  early  in  1877  ;  but  late  in  the  year  1877 
he  was  successful  in  both  finding  and  measuring  it.  I  at  once 
renewed  my  efforts  to  obtain  a  few  measures,  but  with  only  mode- 
rate success.  Once  only  did  I  see  it,  and  that  was  on  a  superb 
night  early  in  January  ;  and  although  I  have  turned  to  the  object 
on  almost  every  fine  night  since,  I  have  not  been  able  even  to 
glimpse  the  companion.  In  the  hope  that  amateurs  possessing 
leisure,  large  apertures,  and  fine  skies  will  occasionally  look  at  this 
faint  star  and  secure  a  few  measures,  this  note  has  beien  written* 
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The  subjoined  figures  will  show  the  history  of  the  star  up  to  the 
present  time :— 


344-33                4-250 

1831-39 

2. 

•7     .      .     .     .  • . 

1845-04 

Madler. 

Companion  invisible. 

1865 

De. 

>»              »> 

1873  &  1876 

P' 

9-8                  2-46 

1877-9 

>» 

14-0                  2-25 

1879-0 

»» 

158                    2-4 

1880-0 

Gl. 

It  appears,  therefore,  that  there  has  been  considerable  change 
since  1829,  that  either  the  companion  is  a  variable  or  the  very 
finest  nights  are  required  to  render  it  visible,  and  that  the  system 
is  worthy  of  the  careful  attention  of  double-star  observers. 

^e  star's  place  for  1880  is  E.A.  4^  i9"-8,  Dec.  - 1^  40'. 


Joseph  Gledhill. 


Mr.  Edward  Crojwley'a  Obserratoiy, 
Bermerside,  Halifax. 


Double  Stars  for  March. 

The  few  but  interesting  objects  which  follow,  together  with  those 
abeady  given  in  the  *  Observatory,'  Vol.  ii.,  will  enable  the  amateur 
to  select  suitable  objects  for  the  aperture  at  his  command.  Many 
of  them  are  excessively  difficult,  and  it  is  extremely  probable  that 
some  of  them  cannot  be  measured  at  all  in  England. 

OS  92.        E.A.  4^  52°*,  Dec.  +39°  13'.    Mag.  5-7,  9-8, 
247°-4        2"-78        1878-0        j3. 
Binary. 

Bo  503.        E.A.  s""  49"'ii  Dec.  +  is""  56'.    Mag.  A  7,  B  8,  C 13. 
AB        1 1 8^-6        7"-o7         1875-2        De. 
AC        157  '3      28  -09        1878-0        /3. 
BC        167-8         -o        fi. 

De  called  attention  to  this  star  in  1875,  owing  to  the  remarkable 
changes  in  angle  and  distance  due  to  proper  motion.  C  was  dis- 
covered by  j3.  South's  distant  star  C  is  thus  given  by  De : — angle 
335°-4,  dist.  23o"-i,  in  1875-2. 

S  951.        BA.  6*^  33'"-8,  Dec.  +9°  56'.    Mag.  A  8-5,  B  10-7. 
AB        309^-2      2i"-43        1878-1        p. 
AC        229-2      II  -56  -I        /3. 

C  is  one  of  Mr.  Ward's  new  stars. 
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OS  159.        B.A.  6*^  46"-9,  Dec.  +58^  35.    Mag.  A  47, 
B  7*2,  0  12-13. 

AB  i°-o        o"-48        1878-1        /3. 

AC  31  -4      23  '64  •!        /?• 

C  is  Burnham's  new  companion. 
Binary,  in  rapid  motion. 

Mr.  Edward  Orousley's  Obropratory/  JOSEPH  OtlMDBILL. 

Bermenide,  Halifftx. 


Meteor  Notes  for  March^. 

MoBuriKa  observations  may  be  obtained  from  the  5th  to  the  2i8ty 
and  evening  watches  may  be  instituted  daring  the  first  halt  of  the 
month.  The  principal  radiants  derived  from  the  Italian  observa- 
tions were  at  182°  +  56!,  177^+10°,  158°  +28% and  111°  +62"".  A 
radiant  of  slow  brilliant  meteors  should  also  be  looked  for  at  300** 
+  80°.  On  the  7th  two  active  showers,  found  by  Tupman,  are  due 
from  the  points  244°  +15°  and  233°— 18°,  and  there  are  many 
other  streams  visible  at  this  time  in  Ursa,  Leo,  Hercules,  Virgo, 
Serpens,  &c.  On  the  morning  of  March  15, 1877,  the  writer  det^ 
mined  positions  at  263°  +48°,  218°  -f  3<^%  280^  +  i4°i  277"*  +25% 
and  250°  +51°.  Zezioli  had  seen  the  former  at  261°  +47°  on 
April  I,  1868,  and  the  latter  shower  (from  between  Hercules  and 
Draco)  is  well  marked  in  April.  Amongst  the  numerous  showers 
given  by  Greg  the  best  appear  to  be  at  50°  +48^  192**  +2°,  uid 
147°  +47^  for  this  month ;  but  many  showers  aro  subject  to  annual 
variations  which  have  been  very  irregularly  observed,  so  that  it  is 
impossible  to  specify  those  entitled  to  precedence.  In  some  in- 
stances the  radiant  annually  reappears  at  tiie  same  point  without 
any  decided  difference  in  intensity ;  in  fact  neariy  all  of  the  streams 
with  which  we  are  conversant  are  of  annual  recurrence,  though 
many  give  indications  of  periodical  variations  as  well. 

!FirebaUs  should  be  looked  for  on  the  ist,  2nd,  and  4th.  The 
apparition  of  many  large  meteors  early  in  this  month  deserves 
mention,  as  probably  referable  to  the  action  of  several  rich  showers 
which  hitherto  seem  to  have  eluded  discovery. 

Recent  Observations. — Several  large  meteors  were  seen  in  January  i 
An  observer  at  Welling,  in  Kent,  writes  2 — "  Saw  a  large  meteor 
in  the  N.W.  at  about  5**  20"  this  afternoon  (Jan.  3).  It  was  of  a 
greenish-blue  colour,  falling  strai^t  downwards  as  if  into  the 
earth,  and  of  an  immense  size."  Later  the  same  night  a  fireball 
=  $  was  observed  at  Writtle,  falling  in  the  S.  by  E.,  at  ii**  20", 
and  leaving  a  streak.  Large  meteors  were  also .  reported  on  Jan. 
19  and  30,  but  the  positions  not  fully  and  accurately  described. 

On  Jan.  12, 11^  5",  Mr.  Downing  on  Blackheath  saw  a  ist-mag. 
meteor  with  a  course  from  X  Ursae  Majoris,  vertically  downwards 

*  For  further  notes  on  March  showers,  see  *  Obserratory/  VoL  i  p.  377,  aad 
Vol.  ii.  p.  38a. 
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to  within  20*^  of  the  horizon.  Duration  i  see.  On  Fef>.  4,  7^  a 
bright  ist-mag.  was  noted  by  the  writer  at  Bristol,  traversing  a 
path  of  about  15^  and  passing  some  6^  below  y  Eridani  from  the 
direction  of  the  stars  in  the  Mt  of  Orion,  and  {nrobablj  belonging 
to  a  radiant-point  in  the  r^on  of  Cancer. 

Of  661  meteor-tracks  roistered  by  the  writer  in  1S79,  the  mean 
apparent  length  was  11°' 34*  This  agre^  very  nearly  with  the 
arerage  length  of  3203  paths  (recorded  in  the  years  1876-^78  at 
Bri8tol)=  1 1°'23,  and  referred  to  in  the  *  ObservatOTy,'  Vol.  ii.  p.  306. 

Mr.  Corder  classifies  his  meteors  according  to  speed  and  appear- 
ance:— (i)  The  swift  streak-leaving  meteors;  (2)  slow,  trained 
meteors ;  (3)  small  quick  meteors^  short,  and  sometimes  streak- 
leaving.  Out  of  an  aggregate  of  1463  shooting-stars  seen  by  him 
in  1879,  the  swift  class  represented  43  per  cent.,  the  slow  17  per 
cent.,  and  the  remainder  (40  per  cent.)  were  of  the  small  quick 
class.  Eesults  of  this  nature  are  of  course  greatly  influenced  by 
the  period  of  observation,  the  swift  meteors  being  largely  pre- 
dominant before  daybreak,  while  in  the  evenings  there  is  a  majority 
of  slow  meteors.  W.  F.  Denning. 


CORRESPONDENCE. 

To  the  Editor  of '  The  Observatory: 
The  ''Bed  Spot''  on  JtipUer. 


SlB,- 


On  the  28th  of  January  I  succeeded  in  obtaining  a  tnmsit 
of  the  spot ;  and  as  it  will  probably  prove  to  be  ihe  bst  during 
this  apparition  of  Jupiter,  I  beg  to  send  it  to  the  '  Observatory.' 
I  saw  no  change  in  the  general  appearance  of  the  *'  spot." 

Jan.  26th,  1880.    The  foUowing  end  of  the  ''spot"  was  on  the 
central  meridian  about  4.30  p.m.  G.M.T. 

Jan^  28th^  i88b.    Tha  precftding  end  was  central  at  5^  10°^  +, 
the  centre  at  5**  40°*  ±,  and  the  fdlowing  end  at  6**  15"  +  p.m;. 

I  am.  Sir,  yours  very  truly, 
Hr.  Sdward  Groasle/s  ObMnrotory,  JOSEPH  Oledhill. 

Bennonide^  Hali&x. 

The  Meteors  cf  November  13-14. 
Sib,— 

At  the  date  of  my  note  in  the  '  Observatory '  for  January,  I 
had  received  no  particulars  in  regard  to  Mr.  D.  B.  Hunter's  obser- 
vations at  Washington,  Daviess  County,  Indiana.  In  a  subsequent 
letter  Mr.  Hunter  informed  me  that  a  party  of  observers,  consisting 
of  himself  and  about  a  dozen  of  his  students,  occupied  a  square 
tower,  there  being  three  persons  on  each  side.  "  Most  of  the 
meteors,'*  he  says,  "  were  seen  in  the  E.N.E.,  N.N.W.,  and  near 
the  zenith.    Very  few  were  seen  b^  the  entire  company.    The 
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first  fire  that  I  saw  all  radiated  from  Leo.  When  they  appeared 
more  numerous  we  ceased  to  traoe  them.  Of  the  entire  number  I 
am  unable  to  say  more  than  this — that  a  large  number  of  those 
that  /  aofu)^  perhaps  one  half  and  possibly  more,  could  be  traced  to 
Leo  or  very  near  it." 

Many  meteoroids  of  this  stream  have  doubtless  been  thrown  into 
new  orbits  from  time  to  time  by  the  earth's  disturbing  influence. 
The  period  in  such  cases  may  now  differ  considerably  from  that  of 
the  principal  group.  I  am,  Sir,  yours  truly, 

Bloomington.  Indiana,  U.SJL,  Danirl  KiBKWOOD. 

January,  1880. 

The  faint  Stars  in  the  Trapezium  of  Orion. 

SlE,— 

Mr.  Bumham  having  failed  *  to  see  more  than  6  stars  in 
the  Orion  Trapezium,  some  doubt  will  be  thrown  upon  the  exis- 
tence of  the  additional  stars  distinguished  by  Mr.  Huggins  in  1866. 
Mr.  Bumham  says,  "  I  have  very  little  faith  in  the  real  existence 
of  these  suspected  stars  after  the  failure  of  this  and  other  large 
refractors  to  show  them,"  and  doubts  that  the  fifth  and  sixth  stars 
are  variable,  from  the  fact  that  during  the  last  six  years  they  were 
always  visible  in  his  6-inch  glass  when  the  atmospheric  conditions 
were  suitable  {'  Observatory,'  Vol.  iii.  p.  315).  The  testimony  of 
so  practised  an  observer  must  have  considerable  weight,  though  it 
cannot  be  held  to  settle  the  questioi^ 

Early  in  1870  the  late  Mr.  Edmund  Salter,  of  Manchester,  sent 
me  some  valuable  observations  of  the  Trapessium,  obtained  with  a 
fine  12-inch  mirror  by  Bird.  He  says  : — 1869,  Dec.  3,  8**  to  13**. 
"  In  the  Trapezium  9  stars  certainly,  10  probably  were  visible.  A 
youth  of  15  saw  the  nine  immediately,  though  his  attention  was 
solicited  orJy  to  the  four  large  stars  and  to  the  fifth  star.  He 
was  confident  also  as  to  the  tenth,  which  he  saw  by  glimpses.'' 

1870,  Jan.  25.  ''Examined 
Trapezium  in  Orion.  My 
son  readily  made  out  9  stars 
thus: — 

"The  numbers  show  the 
degrees    of    brilliancy.      A  ^ 

tenth  was  suspected  to  the 
left  of  the  lowest  star.     I 

saw  all  these  myself,  but  not  ^ 

all  at  once." 

1870,  Jan.    29.    "Again  ^  ' 

made  out  9  stars  in  the  Tra- 
pezium. In  <r  Ononis  dis- 
tinctly made  out  15  stars,  9 

faint  ones  and  6  plain  ones.         ^        .      .    ^  .      , 
Aperture    12    inches,  power  Trapezium  m  Onon,  Jan.  15,  ,870. 

320." 

'*'  See  his  "  Double-Star  ObflerrationB  made  in  1877-8  at  Chioago,**  Memoirs 
of  the  B.  A.  S.,  Vol.  xliy.  pp.  238,  239. 
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The  positions  approximately  assigned  to  the  small  stars  bj  Mr. 
Salter  agree  with  the  diagram  of  this  asterism  given  by  Mr. 
fiuggins  ('Monthly  Notices,'  Vol.  xxvi.  p.  71)  from  observations 
on  Jan.  6,  7,  and  8,  1866 ;  and  their  actual  existence  can  hardly 
be  questioned  in  the  face  of  such  closely  corroborate  observations. 
Moreover,  Mr.  Hu^ns,  in  a  note  to  his  paper  referred  to,  says, "  On 
this  evening  [Jan.  8]  my  friend  Mr.  S.  B.  Kincaid  visited  the 
observatory  and  saw  all  the  stars  figured  in  the  diagram." 

That  Mr.  Huggins  and  Mr.  Salter  could  have  independently 
assigned  coincident  positions  to  objects  having  no  real  existence  is 
beyond  the  range  of  conjecture.  In  each  case  the  stars  were  seen 
on  several  evenings ;  and  the  results  are  so  distinctly  and  confidently 
expressed,  that  it  is  difficult  to  see  how  the  observers  could  have 
been  led  into  error. 

As  a  proof  of  the  excellence  of  Mr.  Salter's  telescope,  it  may  be 
mentioned  that  on  Jan.  15,  1870,  he  saw  19  spots  or  craterlets 
upon  the  floor  of  the  lunar  crater  Plato. 

I  am,  Sir,  yours  faithfully, 
Aflhleydown,  Bristol^  W.  P.  DeniONO. 

Feb.  8,  1880. 

Disappearance  of  Jupiter^ 8  Satellites. 
Sib,— 

On  the  morning  of  October  15,  1883, 1  find  there  will  be 
an  entire  disappearance  of  Jupiter's  Satellites  for  a  short  time. 
The  configurations  given  in  th€  '  Nautical  Almanack '  are : — 

1883,  Oct.  14'*,  iv  Tr.  I. 
iEc.  D. 
ii  Tr.  I. 
iii  Tr.  I. 
i  Oc.  E. 
ivTr.E.  16 
ii  Tr.  E. 
iiiTr.E. 

whence  it  appears  that  from  3*  56"  to  4^  15"  a.m.,  op  for  about 
19  minutes,  the  planet  will  appear  without  any  visible  attendants, 
and  will  be  well  above  the  horizon  of  Greenwich  for  this  curious 
circumstance  to  be  noticed.  Observers  will  remember  the  last 
occasion  was  on  August  21^  1867,  when  Jupiter  was  denuded  of 
his  oomites  for  a  much  longer  period. 

Smyth,  in  his  *  Cycle,'  does  not  notice  the  other  instances  of  this, 
viz.  in  1843,  1826,  and  1802,  but  mentions  an  observation  of  the 
like  character  by  Moljmeux  on  November  2  (O.  S.),  1 681,  inferring 
that  it  was  an  instance  of  three  satellites  being  simultaneously 
eclipsed — " a  conjunction,"  he  remarks  (p.  177,  vol.  i.),  "which 
will  require  more  than  three  thousand  billions  of  years  to  occur 
again !  '  It  does  not,  however,  appear  that  any  coincidence  of  such 
rarity  took  place  on  this  occasion,  but  merely  such  a  disappearance 
as  has  been  noticed  four  times  since  the  commencement  of  the 
.present  century. 
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Hamsteed  seems  to  hare  paid  attecrfcion  to  the  pfaenottiena  of 
Jupiter^s  satellites ;  bat  he  has  no  recorded  observatioas  of  them  in 
1 68 1,  in  his  ^  Historia  Oelestis,'  from  October  i6  to  November  8.  • 

Query y  Is  there  no  recorded  instance  of  the  like  eoineidence  being 
noticed  in  the  interval  between  Mdynenx's  observation  in  i68i 
and  Sir  W.  Herschel's  in  1802  ?  Faithfully  yours, 

AbbenhaD,  Mitcheldean,  Gloucerter-  SamITBL  J.  iossms. 

ahiro,  February  i%. 

The  Royal  Astronomical  Shcietp. 

Sib,— 

I  had  no  intention,  at  the  Annual  Meeting  of  the  B.  A.  9. 
on  Feb.  13,  of  making  a  speech,  for  it  would  not  have  been  regular 
to  have  done  so  at  the  time  when  I  rose  to  ask  the  President  the 
question  which  I  put  to  him.  Nevertheless  I  think  it  may  be 
aesirable  that  I  should  take  an  opportunity  of  expressing  my  object 
in  seeking  to  bring  about  an  alteration  in  the  bye-laws. 

There  prevails  amongst  the  Fellows  generally,  especially  amongst 
those  living  at  a  distance  from  London,  a  feeling  tiiat  the  Council  is 
not,  except  in  name,  a  representative  body,  that  it  is  too  much  self- 
elective,  and  is  not  the  deliberate  choice  of  the  Fellows  at  large — 
in  other  words,  that  a  dozen  or  two  of  men  annually  choose  the 
Council  in  derogation  of  the  electoral  privileges  of  500  aaid  odd 
distant  Fellows.  This  is  a  notorious  fact,  and,  as  we  have  seen 
during  the  last  few  years,  is  very  prejudicial  alike  to  the  int^^ta 
of  the  Society  and  of  the  science  of  astronomy  generally. 

I  had  proposed  to  myself  the  other  day  no  further  task  than 
that  of  re-modelling  the  bye-laws  which  deal  with  the  aoniial 
election  of  the  governing  body ;  the  change  which  I  contemplated 
was  voting  by  proxy  coupled  with  a  more  open  system  of  nominating 
officers,  for  the  present  system  of  a  "  house-list ''  gives  rise  to  in- 
terminable jobbery  and  cliqueism.  It  was  entirely  in  consequence 
of  a  conversation  which  I  had  with  Lord  Lindsay  and  Mr.  Barrow, 
that  I  expanded  my  proposal  into  a  scheme  for  a  general  revision 
of  all  the  bye-laws  eii  masse.  I  fully  believe  that  such  general 
revision  is  necessary,  but  I  had  no  desire  to  open  up  so  large  a 
subject.  I  may  add,  I  do  not  intend  that]  my  limited  scheme  of 
improved  election  arrangements  should  be  swamped  or  indefinitely 
postponed  priding  the  general  revision  of  all  the  bye-laws.  A 
scheme  for  altering  all  may  readily  be  made  the  pretext  for  a  long 
postponement  of  the  very  small  and  easily  accomplished  revision  of 
the  election  bye-laws,  which  could  be  brought  about  by  the  alteration 
of  merely  a  few  dozen  words  in  the  present  bye-laws. 

I  should  be  glad  if  you  would  publish  this  note,  because  I  have 
reason  to  know  that  a  Im^  number  of  Fellows  living  at  a  distance 
from  London  have  long  been  very  anxious  for  proxy-voting,  or 
something  like  it,  to  be  established  as  soon  as  possible. 
Northfield,  Eastbourne,  ^  ^^>  Sir,  your  obedient  Servant, 

F9bruary,  1880.  G.  F.  CfiAMBfiBS. 
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NOTES. 

Habtabd  CoUiBgb  Obsbetai»bx. — Prpf.  Kckering's  Eeporfc  for 
1879  presents  an  interesting  reicord  of  the  important  work  done 
at  this  observatory.  Thanks  to  the  liberp^tj  of  the  citizens  of 
Boston,  who,  in  response  to  the  Director's  appeS^,  have  subscribed  a 
sum  c^  5000  dollars  a  year  for  ^five  years,  it  has  been  found  prac- 
ticable to  keep  both  the  Meridian  Circle  iMid  Equatoreal  actively 
employed,  and  also  to  proceed  with  i^e  reduction  and  publication 
of  the  old  observations.  Amongst  the  observations  with  the 
Equatoreal  may  be  noticed  photometric  measures  of  lapetus  made 
on  10 1  nights  in  the  autumn  and  winter  of  1878-79,  which  with 
similar  measures  made  in  the  previous  year  furnish  a  determi- 
nation of  the  law  followed  by  the  satellite  in  its  changes  of 
brightness.  Also  a  series  of  measurements  of  all  planetary  nebulso 
made  witili  a  double-image  micrometer,  an  examination  of  their 
spectra,  and  measures  of  their  light  made  with  Photometer  Q,  by 
comparison  with  the  image  of  a  star  thrown  out  of  focus  by  sudk 
an  amount  that  it  appears  of  the  same  intrinsic  brightness  as  the 
nebula.  In  this  way  the  light  of  a  nebula  may  be  described  in 
stellar  magnitudes,  thus  adopting  the  same  unit  and  same  scale 
for  nebnlffi  and  stars.  Some  observations  for  stellar  parallax  have 
been  commenced,  and  several  asteroids,  as  well  as  G(»net  ii.  1879, 
have  been  observed  with  the  Equatoreal. 

As  regards  tiie  work  with  the  Meridian  Circle : — ^tiie  zone  of 
8000  stajre  between  50°  and  55^  N.  declination,  undertaken  by  this 
observatory,  was  completed  in  1879,  ^^^'  ^^»  having  occupied  a 
large  part  of  the  time  of  the  observer,  Prof.  Bogers,  for  over  eight 
years,  and  forming  one  of  the  largest  astronomical  undertakings 
which  have  been  carried  to  completion  in  the  United  States.  The 
observations  of  the  list  of  258  stars  for  the  XJ.  8.  Coast  Survey 
were  completed  in  1879  January,  and  nearly  300  observaticms 
w^*e  made  of  Mr.  Gill's  list  of  10  stars  to  determine  the  personal 
equation  between  bright  and  faint  stars,  and  with  bright  and  &int 
fields,  ^<&c.  Since  February  1879,  the  Meridian  Circle  has  been 
devoted  to  tiie  determination  of  the  absolute  places  of  108  stars, 
declination  observations  of  the  Sun  being  made  to  determine  the 
position  of  the  equinox  and  the  obliquity  of  the  ecliptic.  Alto- 
gether 3000  meridian  observations  have  been  made  during  the  cur- 
rent year.  Before  beginning  the  absolute  woi^  a  few  instrumental 
changes  were  made,  the  most  important  being  the  substitution  of 
new  micrometer-screws  for  the  old  ones^  whi<^  required  large  cor- 
rections, and  the  provision  of  a  separate  arc  of  15^  graduated  to 
5'  for  determination  of  the  division-errors. 

A  work  of  some  magnitude  has  been  undertaken,  in  the  deter- 
minaiion  of  the  li^ht  of  all  stars  visible  to  the  naked  eye  in  the 
latitude  of  Cambridge,  IT.  S.  To  avoid  loss  of  time  in  identifying 
the  objects,  they  are  observed  in  the  meridian  with  a  photometer 
which  consists  of  a  horizontal  telescope  pointing  to  the  west  and 
having  two  objectives.  By  means  of  two  prisms  mounted  in  front 
of  the  telescope,  the  pole  star  is  reflected  into  one  object-glass,  and 


Digitized  by 


Google 


860  Notes.  [No.  85. 

the  star  to  be  measured  into  the  other.  The  cones  of  liglit  are 
made  to  coincide  by  a  double-image  prism,  the  extra  images  being 
cut  off  by  an  eye-stop.  The  star  to  be  measured  is  thus  seen  in 
the  same  field  with  the  pole  star,  with  the  same  aperture  and 
magnifying-power.  An  assistant  is  required  to  set  the  reflecting 
prism,  read  the  circles,  and  keep  the  record.  Two  persons  can 
thus  measure  about  40  stars  in  an  hour.  Each  of  the  4000  stars 
will  be  observed  on  three  evenings,  four  settings  being  made  each 
iime,  and  three  observers  will  take  part  in  the  work. 

Of  the  'Annals,'  Vol.  xi.,  containing  the  results  of  over  25,000 
photometric  observations,  has  been  published,  and  a  large  part  of 
Vol.  xii.,  which  gives  the  observations  with  the  Meridian  Curcle  in 
1874-5,  is  in  type, 

Mb.  Wbbb's  PLAifBTAJtT  Nebtjla. — Mr.  Dreyer  writes  that 
this  nebula  is  identical  with  No.  27  of  M.  St^phan's  list  in  the 
^Comptes  Eendus'  for  Bee.  2,  1878.  M.  St^phan  describes  it 
as  : — "Etoile  4004  Arg.  Zone  +41°,  8*5  mag.  Elle  est  fortement 
n^uleuse,  mais  la  n^bulosit^  est  tr^-condens^." 

The  Solab  Eclipse  or  1880,  Jak.  i  i. — ^From  the  *  San  Francisco 
Daily  Bulletin '  and  the  '  Chiotgo  Tribune '  of  Jan.  12  we  take  the 
following  account  of  the  totality,  which  was  well  seen  near  Fresno 
at  3^  53"  local  mean  time : — "  As  the  last  ray  disappeared  the 
corona  of  clear  white  light,  entirely  encircling  the  Moon,  flashed 
into  view.  Near  the  edge  of  the  disk  the  light  was  of  a  brilliant 
white,  which  gradually  faded  towards  the  outer  limit,  until,  at  a 
distance  of  about  one-tenth  the  diameter  of  the  Moon,  it  blended 
into  the  leaden  hue  of  the  sky.  Those  provided  with  good  glasses 
now  witnessed  a  scene  never  to  be  forgotten.  Extending  along  the 
border  of  the  lower  left-hand  third  of  the  Moon  was  an  irregular 
fringe  of  prismatic-coloured  light  as  sparkling  and  as  brilliant  as 
the  red  and  purple  fire  from  an  exploding  rocket ;  while  at  t^e 
top  of  the  Moon  was  seen  a  bright  yellow  triangle  of  light  equal 
in  height  to  one-sixth  the  diameter  of  the  disk,  and  at  the  middle 
of  the  right-hand  side  a  similar  but  smaller  protuberance.  Pro- 
jecting &om  the  upper  right-hand  side  was  a  broad  faint  ray  of 
light,  in  shape  like  an  imperfect  isosceles  triangle,  equal  in  height 
to  the  Moon  s  diameter ;  while  at  the  lower  left-hand  side  were 
two  similar  rays  of  about  the  same  length,  whose  combined  bases 
covered  one  quarter  of  the  Moon's  circumference.  The  gorgeous 
scene  lasted  3 1  seconds.  The  corona  remained  a  few  seconds  after 
the  first  flash  of  the  appearing  Sun  and  then  disappeared.  On 
turning  round  and  facing  the  Sierra,  the  rapidly  retreating  shadow 
was  distinctly  seen  sweeping  up  the  slope  of  the  mountains.  The 
central  portion  was  darkest,  though  the  curve  which  formed  it» 
outer  limits  was  sufficiently  defined  to  enable  a  good  judge  of 
distances  to  roughly  estimate  its  width.'' 

Gbeat  Southebn  Comet. — On  Feb.  5,  Dr.  Gould  telegraphed 
to  Prof.  Peters  at  Kiel,  "  Great  Comet  passing  Sun  northwards," 
and  on  Feb.  6  sent  a  second  telegram^  '*  Comet  moving  southwards." 
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The  two  telegrams  are  not  absolutely  inconsistent,  as  the  comet's 
motion  may  have  changed  from  north  to  south  in  the  interval ;  but 
it  would  seem  from  the  second  dispatch  that  this  comet  will  not 
be  visible  in  the  northern  hemisphere.  The  Emperor  of  Brazil 
also  announces  to  the  French  Acaaemj  the  discovery  of  this  comet, 
but  no  details  are  given.  The  following  telegram  has  also  been 
received  from  Mr.  GiU* : — "Comet,  twelfth  February,  08  [hours] 
58  [minutes],  Cape  [mean  time],  123°  11'  [N.PJ).  ?] ;  daily  motion 
[in  E.A.]  plus  235  [minutes  of  arc],  [in  N.P.I)]  minus  20 
[minutes]."  It  would  seem  that  either  the  E.A.  or  the  N.P.D.  has 
been  omitted,  and  it  is  uncertain  whether  this  telegram  refers  to 
Dr.  Gould's  comet  or  not.  There  are  at  present  two  distinct  codes 
for  telegrams  announcing  the  discovery  of  comets,  one  emanating 
from  the  Vienna  Academy,  the  other  from  the  Smithsonian  Institu- 
tion, Washington.  The  result  of  the  confusion  seems  to  be  that 
such  telegrams  are  practically  useless,  neither  convention  being 
strictly  a&ered  to  by  those  who  send  them. 

In  a  letter  to  the  Astronomer  Eoyal,  dated  Cape  of  Good  Hope, 
Feb.  2,  Mr.  Gill  states,  with  reference  to  the  comet,  that  its  tail 
had  been  seen  on  Feb.  1 ,  setting  in  the  sea  at  8  p.m.,  by  a  gentleman 
on  the  W.  side  of  Table  Mountain ;  and  that  on  Feb.  2  he  himself 
saw  the  tail  projecting  over  the  S.  flank  of  the  mountain,  as  far  as 
/3  Gruis,  and  10  W.  of  that  star,  paraUel  nearly  to  j3  and  h  Gruis. 


Two  New  Minor  Planets  have  been  discovered — one  of  the  twelfth 
magnitude  by  Herr  Palisa,  at  Pola,  on  Feb.  6,  and  the  other  of  the 
eleventh  magnitude  by  Prof.  Peters,  at  Clinton,  New  York,  on 
Feb.  16. 


Astronomical  Memoranda,  1880^  March. 

Sun.  March  i,  sets  5^  39",  rises  i8*»  44" ;  March  31,  sets  6^  30", 
rises  17^  36". 

Equation  of  time: — Sun  after  Clock,  March  i,  12"  26*;  March 
II,  10"  2* ;  March  21,  7"  9";  March  31,  4"  5'. 

Sidereal  Time  at  Mean  Noon : — March  i,  22^  38"*7 ;  March  11, 
23*»  i8»-i ;  March  21,  23^  57""-5 ;  March  31,  o*'  3^'^'9* 


Moon. 

rises. 

sets. 

sets. 

h 

m 

h 

m 

h        m 

.12 

5 

Mar.  II. 

.   6 

57 

Mar.  21. 

.16        I 

2. 

.13 

25 

12. 

.   8 

10 

22. 

.16     20 

3. 

.14 

37 

13- 

•   9 

23 

23. 

.16     39 

4. 

•15 

33 

14. 

.10 

34 

24. 

.16     56 

5- 

.16 

17 

15 

.  II 

42 

25 

rises. 

6. 

.16 

48 

16. 

.12 

45 

26. 

.    6     54 

7. 

.17 

13 

17. 

.13 

42 

27. 

.   8     19 

8. 

-17 

33 

18. 

.14 

27 

28. 

•   9     45 

9- 

19. 

•15 

5 

29. 

.11     10 

10. 

20. 

.15 

36 

30. 
31. 

.12     26 
.13     28 

*  The  words  in  brackets  are  not  in  the  telegram,  and  have  been  inserted 
coDjecturally. 
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Last  Quarter,  Maech  3,  11^  6";  New,  March  10,  12^  47" » 
First  Quarter,  Mardi  18,  12^  36" ;  Pull,  "MBxcYt  26,  i^  23", 

Mercury  is  an  eyening  star,  at  greatest  elongation  (18^  15'  E.)  on 
March  1 1,  when  he  sets  a  little  N.  of  W.  at  1^  46",  i^  50"  aiter 
the  Sun.    He  is  in  inferior  ocmjunction  on  Miurch  28. 

Venus  is  a  morning  star,  rising  about  i^  before  the  Sun.  The 
illuminated  portion  of  the  disk  is  0*855  on  March  15,  and  0*916 
on  April  15,  and  the  ccnresponding  diameters  i2"*i  and  lo^'p. 

Mar.    I,  E.A.  20^  38»-s,  Dec.  18^  32'  S.,  ix.  22*  i»,  rises  17^  34" 
Mar.  31,  23       2*4,  7    33  S.,       22  26  16    59 

Mars  is  an  evemng  star  in  Taurus,  verj  near  the  Moon  on 
March  17. 

Mar.    I,  E.A.  4'*  22»*6  Dec  23°  28'  N*.,  tr.  5**  44",  aete  ijf"  i"* 
Mar.  31,  5   32  -6  25     4  N-,       4  55  ^3    ^4 

Jy^ter  is  in  conjunction  with  the  Sun  on  March  15. 
Saturn  is  an  eyening  star  in  Pisces,  approaching  conjunction. 

Uranus  is  in  Leo. 

Mar.    I,  BJL  10^  35"-2,  Dec.    9^  47'  N.,  tr.  ii*»  55" 
Mar.  31,  10  30  -8,  10   13  N.,         9    52 

Phenomena, 


G.ILT. 
h    m 
Mar.  13.    7  35  loi  Piscium  Oc.  D.  84°. 

17  6  13  [1518IOC.D.  77"*. 

12  30  103  iS.uri  Oc.  D.  54*^. 
12  35  Mars  Occultation  near 
approach  175^ 

18  6  13  132  Tauri  Oc.  D.  115°. 


a.M.T. 
h     m 
Mar.  21     7  16  <r  Oancri  Oc.  D.  IOI^ 

24  13  36  jp^  Leonis  Oc.  D.  lo^, 

25  II  10  [4006]  Oc.  D.  a©**. 

29  II  46  42  Libr»  Oc.  B.  22 1^ 
18  41  [5253]  Oc.  R.  239**. 

30  13     6  25  ScorpiiOc.  B.  221^ 


The  angles  ace  reckoned  from  the  ajipareni  N.  point  towards  tiie 
right  of  the  Moon's  inyerted  image.  Editob. 


Publications  received : — ^Prof .  B.  C.  Pickering,  Annals  of  Harvard 
College  Observatory,  Vol.  xi.  Part  ii. — Annual  Eeport,  Harvard  Col- 
lege Observatory,  1879  (Cambridge,  U.S.,  1880) — Ormond  Stone, 
Cincinnati  Observations,  Miorometrioal  Measurements  of  1054  Double 
/Stars,  1878-79  (Cincinnati,  1879) — Annuaire  de  VObservatoire  Royal 
de  Bruxelles,  1880  (F.  Hayez,  Bruxelles) — ^L.  Niesten,  Note  sur  la 
Tache  Eouge  observee  sur  la  planete  Jupiter,  1878-79  (F.  Hayez, 
Bruxelles) — Dr.  P.  Terby,  Etudes  sur  la  planete  Mars — T<ibleau 
synonymique  des  denominations  donnees  aux  Taches  (F.  Hayez, 
Bruxelles) — ^Prof.  E.  Loomis,  Contributions  to  Meteorology,  12th 
paper  (Amer.  Joum.  1880,  Feb.) — OamilleFlammarion,  Astronomie 
Popidaire  (C  .Marpon  and  B.  Flammarion,  Paris,  1880,  836  pp.. 
Price  10  francs).  Editob. 
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N  1873  J}^  20. 

HYGINUS.  N. 


N  181d.J)tc21.9K.30min. 

THE  REGION  NORTH  OF  HYGINUS. 


H.  IVatt  d«a. 


MintiAnn  orott>  imp  • 
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THE    OBSERVATORY, 

A   MONTHLY   EEVIEW   OF   ASTRONOMY. 

No.  86.  APRIL  1.  1880. 

MEETING  OF  THE  EOTAL  ASTRONOMICAL  SOCIETT. 

Friday,  i88o,  March  12. 

J.  E.  Hun),  F.E.S.,  Prefideni,  in  the  Chair. 

Secretaries :   W.  H.  M.  Chbistib,  M.A.,  and 
J.  W.  L.  Glaishbe,  M.A.,  F.E.S. 

The  Minutes  of  the  Meeting  of  January  9  were  read  and  confirmed. 

Mr.  Christie  reported  that  daring  the  last  month  86  presents  had 
been  received,  including  a  volume  of  the  *  Philosophical  Transactions/ 
completing  the  set  from  1 801  to  1833  ;  Harvard  College  Observa- 
tory, Annals,  Vol.  xi.  Part  ii. ;  Nine  Drawings  of  Mars,  by  Mr.  T, 
Brewin,  and  four  Drawings  of  Jupiter,  by  Mr.  Gwilliam.  The 
thanks  of  the  Society  were  voted  to  the  Donors. 

The  President  announced  that  the  names  of  12  Fellows  w&re  sus- 
pended, as  defaulters  for  sums  of  8  guineas  or  more. 

Mr.  Olaisher  announced  a  paper  by  Mr.  OledhiU,  "  Phenomena 
of  Jupiter's  Satellites  observed  at  Mr.  E.  Crossle/s  Observatory, 
Halifax.''  Also  "  Observations  of  the  Satellites  of  Mars,"  by 
Prof.  Asaph  Hall,  consisting  chiefly  of  tabular  matter.  Speaking 
of  Phobos,  Prof.  Hall  writes : — "  After  Dec.  i  the  weather,  which 
had  been  unusually  favourable,  became  bad,  and  the  image  of  the 
planet  was  so  unsteady  that  no  further  observations  of  Phobos  were 
made,  though  the  brighter  of  the  two  satellites.''  Also  a  paper  by 
Prof.  Priichard,  '*  Observations  of  the  exterior  Satellites  of  Mars  at 
the  Oxford  University  Observatory;"  accompanied  by  a  letter 
from  Prof.  Pritchard,  in  which  he  adds : — "  But  I  do  think  it  a  loss 
of  time  and  trial  of  patience  to  look  for  such  minute  objects  in 
telescopes  of  12  to  15  in.  aperture." 

Lord  Lindsay.  I  rather  protest  against  the  idea  that  a  telescope 
of  12  or  15  in.  is  of  no  use. 

Mr.  Christie  read  two  letters  from  Mr.  GtU,  giving  his  observa- 
tions of  the  great  southern  Comet  from  1880,  Feb.  i  to  Feb.  15, 
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and  also  acooonts  of  the  same  comet  by  Bev.  8.  8,  0.  Morris  and 
Lieut.  Qwynne  on  board  H.M.S.  *  Gtumet '  at  Monte  Video.  The 
positions  of  the  comet  and  its  tail,  fui  described  by  Mr.  Gill,  were 
exhibited  on  a  globe,  and  it  was  explained  that  the  comet  could  not 
have  been  seen  in  northern  latitudes,  as  it  would  set  nearly  with 
the  Sun,  the  tail  being  parallel  to  the  horizon.  The  tail,  as  observed 
by  Mr.  G^iU,  must  have  been  a  very  striking  object  about  Feb.  5, 
when  it  was  about  90°  long,  and  some  10°  or  15°  broad.  The 
nucleus  was  not  seen  till  Feb  8.  A  curious  point  was  that  Lieut. 
G-wynne,  on  Feb.  8,  saw  the  tail  without  any  nucleus  extending 
lower  down  than  the  position  given  for  the  nucleus  by  Mr.  Gill. 
Lieut.  Gwynne  describes  the  tail  when  first  seen,  on  Feb.  i,  as 
haying  an  altitude  of  about  20^.  Mr.  Christie  also  mentioned  that 
Mr.  Janisch,  Governor  of  St.  Helena,  in  a  letter  to  him,  described 
the  tail  as  34°  in  length  and  2^  in  breadth  on  Feb.  5,  and  resembling 
the  remarkable  comet  of  1843. 

Mr.  Christie,  I  may  mention  that  Mr.  Gill  sent  a  telegram  about 
this  comet,  in  which  there  was  some  doubt  as  to  the  interpretation. 
According  to  the  usual  code  adopted  by  the  Vienna  Academy,  the 
figures  which  he  gave,  0858,  followed  by  the  word  "  Cape,"  should 
have  meant  the  C^pe  mean  time  of  the  observation ;  but  it  appears 
now  from  his  observation  that  they  may  really  have  referred  to  the 
right  ascension  of  the  comet,  as  expressed  in  arc,  though  in  thai 
case  there  ought  to  have  been  another  "  o"  before  them— there  ought 
to  have  been  five  figures.  There  was  a  little  difficulty  in  interpreting 
the  telegram  in  consequence.  In  the  newspaper  accounts  which  were 
sent  from  Greenwich  the  interpretation  was  adopted  that  the  right 
ascension  was  8*^  58™ ;  but  in  tel^raphing  to  observers  generally, 
the  actual  words  telegraphed  by  Sir.  Gill  were  repeated  without 
any  attempt  at  explanation.  The  reason  for  putting  such  a  state- 
ment in  the  newspapers  was  that  a  comet  at  E. A.  8^  58'  would  not 
have  been  visible  in  this  country,  and  it  seemed  useless  to  announce 
any  thing  in  the  newspapers  which  could  not  have  been  observed, 
Li  the  telegram  the  convention  had  not  been  strictly  adhered  to ; 
hence  the  fifficulty. 

Lord  Lindsay,  One  interpretation  of  the  telegram  went  on  the 
assumption  that  the  right  ascension  had  been  omitted  altogether. 
I  thought  that  8^  58"^  was  certainly  the  Cape  mean  time,  bemuse  a 
letter  that  I  got  from  Mr.  Gill  referred  to  an  observation  made  at 

ifr,  Christie.  It  is  perfectly  ambiguous.  According  to  the  ob- 
servation the  time  given  is  9  hrs.,  and  the  right  ascension  is  9^  15', 
and  it  is  quite  conceivable  that  8^  58'  may  have  been  a  rough  re^ 
duction  of  his  first  observation.  I  mention  this  as  an  expluiation 
of  the  difficulty  in  which  we  have  been  placed. 

Lord  Lindsay  read  a  newspaper  account  of  the  comet  which  he 
had  received  from  Mr.  Eddie. 

Mr,  Olaisher  read  a  paper  by  Prof.  E,  8,  JSolden  on  observations 
of  Mimas,  and  of  an  occultation  of  Rhea  observed  with  the  Wa9h- 
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ington  26-mch  equatoreal.  Also  a  note  by  the  Rev.  8.  J.  Johnson 
on  the  Disappearance  of  Jupiter's  Satellites  in  1883. 

Mr.  Knohet,  I  should  like  to  ask  whether  the  substance  of  that 
paper  has  not  appeared  somewhere  else  this  week.  I  haye  cer- 
tainly read  it,  though  I  cannot  remember  where. 

Mr,  Cflaisher.  It  came  to  the  Society  as  a  new  paper.  I  know 
nothing  of  it. 

Mr.  Knobel.  It  is  in  the  *  Observatory/  I  believe. 

Mr.  GFUnsher,  I  have  not  read  it  in  the  *  Observatory.'  It  is  a 
new  paper  so  far  as  I  was  aware. 

Mr.  Glaisher  read  a  paper  by  Prof.  H.  C.  Vogel : — "  Notes  on  the 
Spectrum  of  Baxendell's  new  star  in  Canis  minor." 

Lord  Lvndsay.  This  paper  is  the  outcome  of  a  circular  I  issued 
some  time  ago  on  Mr.  Baxendell's  star.  I  sent  one  to  Prof.  Vogel 
and  he  sent  me  a  letter  shortly  afterwards.  I  think  I  mentioned 
at  the  last  Meeting  that  the  spectrum  of  the  star  did  not  show  any 
peculiarities. 

On  the  receipt  of  this  letter  from  Dr.  Vogel  we  set  to  work  to 
examine  how  it  was  that  the  peculiarity  of  the  spectrum  had  been 
overlooked,  and  we  found  that  if  it  had  been  overlooked,  it  was 
owing  to  the  fact  that  we  used  too  high  a  dispersive  power ;  we 
have  used  prisms  of  rock-crystal  and  salt  and  other  kmds,  and  I 
have  just  had  this  report  sent  me  to-day : — "  We  have  repeatedly 
observed  Baxendell's  star  with  the  spectroscope.  The  spectrum  is 
not  interesting,  nor  were  the  blue  rays  absorbed  to  any  extraordi- 
nary extent.** 

Mr.  Glaisher  read  a  note  from  M.  G.  Wolf  on  Mr.  Maxwell 
HalPs  paper  on  the  nebula  in  the  Pleiades,  in  which  he  remarked : — 
"  I  have  completed  the  observations  Mr.  Hall  was  in  want  of,  in  a 
memoir  giving  a  description  of  the  group  of  the  Pleiades,  in  the 
•  Annals[of  the  Observatory  of  Paris,'  of  which  I  have  sent  a  copy  to 
the  Eoyal  Astronomical  Society."  Also  a  "  Note  on  the  Error  in 
Hansen's  Lunar  Tables,"  by  Mr.  Lynn,  supplementary  to  the  paper 
printed  at  p.  82  of  the  present  volume  of  *  Monthly  Notices,'  1879. 

Mr.  Nelson  read  two  papers  on  photographic  observations  of  the 
Moon,  and  on  the  detenmnation  of  the  personal  equations  of  lunar 
observers : — 

Mr.  Dunkin,  at  the  January  Meetmg,  read  a  paper  in  which  he 
asked  me  for  further  information  as  to  the  methods  by  which  I 
obtained  the  personal  equations  given  in  a  previous  paper,  and 
this  note  furmshes  the  information.  It  shows  that  in  obta^ing 
these  personal  equations  I  had  not  assumed  that  they  remain  con- 
stant for  a  greater  period  than  one  year  at  a  time.  It  also  shows 
how  it  is  possible  to  reduce  them  to  a  uniform  standard,  even 
when  the  observers  have  been  changed.  Mr.  Dunkin  also  draws 
attention  to  the  fact  that  when  he  comes  to  compare  the  personal 
equations  for  1877  and  1878,  in  the  observations,  to  whicn  I  had 
not  access  at  the  ^me,  he  finds  that  the  personal  equation  is  very 
materi^y  altered^  and  therefore  he  thinks  that  the  explanation  I 
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eye  of  the  fictitiouB  increase  in  the  error  of  mean  lopgitude  of  the 
oon  is  not  satisjbctory.  I  would  only  draw  attention  to  the  fact 
that  when  you  compare  the  fictitious  increase  which  seems  to  me 
to  have  existed  in  the  years  1875-76,  and  the  personal  equations 
as  then  determined  with  those  determined  for  subsequent  years, 
they  are  in  perfect  accord,  both  varying  together.  So  ih&t  Una 
to  a  great  extent  accounts  for  this  rather  surprising  change,  whidi 
has  been  puzzling  me  as  well  as  many  others.  It  seems  to  me  to 
be  almost  entirely  due  to  the  changes  in  the  Greenwich  observers. 

The  second  paper  is  merely  a  short  note  with  regard  to  a  paper 
by  Prof.  Pritc^rd,  in  which  he  shows  that  all  the  observers  at 
Oxford  agree  very  nearly  in  their  determinations  of  the  Moon'd 
diameter.  His  method  of  measuring  distances  to  different  points 
of  the  limb  would  not  eliminate  the  irregularities  if  they  were  of  an 
undulating  character  extending  over  considerable  portions  of  the  limb. 

Mr,  Dunkin.  The  few  figures  inserted  in  my  short  paper  were 
deduced  directly  from  the  tabular  errors  determined  in  1877  and 
1878.  They  show  that  the  method  of  observing  has  changed  in 
some  of  the  observers  from  what  it  was  in  1876  ;  but  I  cannot  see 
how  a  change  of  this  kind  can  be  the  reason  for  assuming  that  the 
tabular  error  of  the  Moon  has  increased.  I  think,  however,  it  is 
scarcely  possible  to  obtain  accurate  results  for  personal  equation 
from  the  few  meridional  observations  of  the  Moon  made  by  some 
of  the  observers  in  recent  years.  For  this  reason  I  would  rather 
wish  that  Mr.  Neison  would  wait  a  little  longer,  so  as  to  obtain  a 
few  more  observations,  before  making  any  theory  upon  the  subject. 
I  know  from  experience  that  personal  equations  do  occasionaUy 
change  from  year  to  year,  and  especially  during  the  last  ten  years. 
It  appears  to  me,  therefore,  that  it  is  rather  a  difficult  matter  to 
compare  two  observers  in  1867,  and  again  one  of  these  observers 
with  a  new  observer  in  1875,  and  then  to  deduce  the  relative  per- 
sonal equations  of  the  three  observers,  as  the  quantities  in  question 
are  so  small.  A  second  of  arc  is  a  very  small  quantity  ;  and,  in 
order  to  get  the  truth,  I  should  be  glad  to  have  not  15  observations, 
which  is  the  average  number  of  each  observer  in  one  year,  but  more 
likely  50  or  60  before  I  should  expect  to  obtain  a  correct  result. 

Mr.  Christie.  As  to  the  point  Mr.  Dunkin  has  been  referring  to, 
I  may  cite  a  remark  made  by  Le  Verrier,  which  was,  that  what 
was  required  in  the  present  state  of  astronomy  was  not  to  multiply 
observations,  but  to  multiply  observers  and  observatories ;  that  the 
chief  error  in  the  solar,  pWetary,  and  lunar  tables  came  from  tiie 
personal  errors  of  observers  and  the  variations  in  them,  and  from 
systematic  errors  of  observatories. 

With  regard  to  the  question  of  the  Moon's  semidiameter,  which 
has  been  at  issue  between  Prof.'Pritchard  and  Mr.  Neison,  I  do 
not  wish  to  enter  into  that.  The  only  point  that  strikes  me,  with 
regard  to  the  irregularities  of  the  limb,  is  that,  as  for  as  I  remember. 
Professor  Pritchard's  method  was  to  measure  distances  to  the  Moon's 
limb  at  intervals  of  60*^,  or  something  like  that,  which  must  be  sup- 
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posed  to  eliminate  tbose  iiregalarities.  I  am  not  yery  clear  about 
the  matter,  because  it  has  not  been  explained  in  detail. 

There  is  one  other  point,  raised  on  a  former  occasion,  whidi  may 
be  worth  mentioning — that  is,  as  to  the  true  value  of  Hansen's  semi- 
diameter.  As  a  matter  of  fact,  I  find  that  the  value  adopted  bj 
Prof.  Pritchard  was  also  adopted  by  the  Astronomer  Eoyal,  and 
on  very  good  grounds,  because  it  depends  on  the  adopted  mean 
parallax.  The  Moon's  mean  parallax  is  a  purely  conventional 
thing.  It  depends  upon  what  long-period  terms  you  include. 
Hansen  included  long-period  terms  depending  upon  Venus, 
whilst  other  theorists  have  excluded  them.  The  process  adopted 
by  the  Astronomer  Boyal  was  to  compare  Prof.  Adams's  values  of 
the  parallax  throughout  1862  with  those  used  by  M.  Hansen  for 
the  same  period.  The  two  sets  of  values  agreed  within  o"'i ;  and 
yet  the  values  of  the  mean  parallax  adopted  bv  Prof.  Adams  and 
by  M.  Hansen  respectively  differ  by  2  "'3,  smiply  because  they 
attached  a  different  interpretation  to  the  definition  of  mean  paral- 
lax. It  is  not  a  thing  which  exists  in  nature  at  all.  What  exists 
in  nature  is  the  parallax  of  the  Moon  at  any  given  time ;  but  the 
mean  parallax  depends  upon  the  theory  which  one  adopts.  The 
mean  diameter  of  the  Moon  must  depend  upon  the  mean  parallax 
which  we  adopt  by  our  definition.  Supposing  we  have  got  the  true 
diameter  of  the  Moon  at  a  given  time,  to  get  the  mean  diameter  we 
must  compare  the  parallax  at  the  given  time  with  the  assumed 
mean  parallax. 

Mr,  Neison.  I  think  if  Mr.  Dunkin  reads  my  paper  he  will  see 
that  all  the  objections  he  has  mentioned  will  be  removed.  He  will 
find  the  personal  equation,  which  he  thinks  so  variable,  coming 
out  year  after  year  with  differences  less  than  10  or  12  per  cent. 
As  to  what  Mr.  Christie  said  about  parallax,  I  confess  I  do  not 
understand  it.  First  we  are  told  that  Hansen's  mean  parallax 
is  not  the  mean  parallax  adopted  by  Hansen,  but  ought  to  be 
the  mean  parallax  adopted  by  somebody  else ;  and  when  he  comes 
to  tell  us  how  Hansen  arrived  at  his  parallax,  I  cannot  reconcile 
that  with  Hansen's  own  tables,  in  which  he  says  especially  that  he 
includes  all  quantities  which  are  periodical,  including  terms  of 
long  period,  and  only  excludes  the  secular  terms  due  to  the  action 
of  the  planet  upon  the  excentricity  &c.  of  the  terrestrial  orbit. 
One  cannot  imagine  for  a  moment  that  we  are  at  liberty  to  adopt 
somebody  else's  parallax  and  then  clap  it  on  to  Hansen's  tables, 
and  say  that  it  is  Hansen's  parallax.  As  a  matter  of  fact,  if  you 
take  the  assumptions  which  are  embodied  in  Hansen's  tables,  it  is  no 
matter  whether  you  get  your  theoretical  result  from  Delaunay,  or 
from  Adams,  or  from  Hansen.  It  has  been  shown  that  in  these 
cases  the  vsJue  of  the  lunar  parallax  would  vary  by  an  almost 
infinitesimal  quantity.  If  you  choose  to  imagine  a  smaller  ter- 
restrial diameter  in  one  case  than  in  another,  you  may  get  a 
variation  in  the  amount  of  apparent  parallax ;  but,  assuming  the 
same  data,  the  parallax  will  come  out  the  same  in  all  cases. 
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Lord  Lindsay  read  a  paper  by  Dr.  Copelaad  on  the  phenomenon 
known  as  *'  shadow-bands." 

Mr.  Eanyard.  I  should  like  to  make  a  remark  about  one  in- 
teresting observation  mentioned  in  that  paper.  It  appears  that 
Dr.  Copeland  has  observed  the  shadow-baiuls  when  the  <usk  of  the 
Sun  was  only  partially  hidden,  I  think,  one  third  eclipsed  by  a 
hill.  During  eclipses  shadow-bands  have  been  seen  only  just 
before  totality,  usually  only  a  few  seconds  before  the  solar  cresoaat 
disappears — ^that  is,  when  the  light  of  the  Sun  is  greatly  diminished. 
I  rather  incline  to  the  opinion  that  the  scintillating  light  which 
causes  the  shadow-bands  is  derived  from  the  bright  douds  npon 
the  honjEon  rather  than  from  the  solar  cresoent.  For  there  are 
accounts  by  some  four  or  five  observers,  who  assert  that  tiiey  have 
observed  the  bands  running  over  the  earth  during  totality.  And 
we  know  that  the  light  of  the  corona  and  prominences  is  not  strong 
enough  to  cast  a  sl^ow.  That  is  to  say,  the  light  derived  from 
the  clouds  outside  the  ssone  of  totality  (which  causes  the  heavens 
all  round  to  have  a  sunset  appearance)  is  sufficiently  strong  to 
overpower  the  light  of  the  corona  and  {urominenoes.  The  light 
derived  from  clouds  upon  the  horizon  woidd,  like  the  light  of  die 
setting  sun  observed  by  Dr.  Copeland,  have  to  pass  through  a  long 
distance  of  the  lower  part  of  the  earth's  atmosphwe,  in  wMch  there 
appears  to  be  much  greater  variations  of  density  than  at  higher 
altitudes.  If  we  do  not  accept  this  theory,  we  must  assume  that 
just  about  the  time  of  totality,  a  violent  disturbance  is  set  np  in 
the  atmosphere,  which  would  cause  a  very  noticeable  scintillation  of 
objects  at  the  Sun's  altitude. 

Lord  Lindsay,  I  had  a  conversation  some  time  ago  with  Prof. 
Bespighi  at  Borne,  and  I  think  he  mentioned  to  me  that  the  effect 
of  scintillation  was  that  he  got  a  series  of  bands  crossing  the  spec- 
trum of  the  star.  I  dare  say  Mr.  Christie  knows  something  of 
those  observations,  which  might  possibly  be  something  of  the 
character  of  those  referred  to.  The  stars  were  very  low  down,  and 
looked  at  through  a  great  thickness  of  atmosphere.' 

Mr.  Eanyard,  These  are  not  absorption  bands  in  a  spectrum,  but 
shadows. 

Mr.  Knobel.  I  tiiink  you  will  find  them  figured  in  the  eclipse 
volume. 

Mr.  Banyard.  Yes,  you  will. 

Mr.  Christie.  The  phenomenon  of  scintillation  to  whidi  Lord 
Lindsay  referred  appears  to  be  caused  by  the  total  reflection  of 
some  part  of  the  spectrum  from  the  varying  densities  in  different 
strata  of  the  atmosphere,  so  that  some  of  &e  rays  would  be  reflected, 
whilst  other  rays  differently  refracted  escape  total  reflection. 
It  is  some  time  since  I  looked  up  the  literature  <^  the  subject,  \at 
I  think  that  was  what  was  put  forward  as  the  explanation  by 
M.  Eespighi  and  generally  accepted. 

Mr.  Glaiaher  read  a  paper  by  Mr.  J.  Tebbutt  on  the  longitude 
of  his  Observatory,  Windsor,  New  South  Wales. 
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Mt.  Qreen  read  &  pap6r  on  some  Changes  ia  the  Markizigs  of 
Man,  and  exhibited  a  large  drawing  of  Mars  in  elncidation  of  his 
paper. 

In  the  coarse  of  reading  his  paper  he  observed: — ^We  hare  present 
Mr.  Brett,  with  whom  I  can  shake  hands  as  a  fellow  artist ;  and  if 
Mr*  De  la  Bae  were  here  I  could  appeal  to  him  on  this  point,  that 
cme  of  tl^e  most  difficult  things  for  a  young  student  of  art  is  to 
learn  to  see  the  verj  delicate  and  &int  tones  which  form  the  highest 
modelling  of  the  surface.  They  will  see  ibd  high  light  on  the  deep 
dai^  very  definitely ;  but  when  they  are  called  upon  to  depict  the 
most  delioate  shades,  they  either  do  not  see  them  or  they  mis« 
represent  them.  It  is  possible  that  some  of  those  delicate  lines 
which  have  been  drawn  by  yarious  obserrers  are  in  reality  the 
edges  of  tones,  the  remainder  of  which  they  hare  &iled  to  see. 

Mr,  Knobel.  I  should  like  to  ask  Mr.  G-reen  a  question  with  re- 
gard to  that  portion  of  the  map  of  Mars  near  the  Kaiser  8ea.  In 
the  drawing  by  Jacob  made  at  Madras,  there  is  a  distinct  band  con- 
necting two  seas,  and  there  ia  the  same  band  to  be  found  in 
some  drawings  published  by  M.  Terby  in  his  '  Ar^ographie ;'  and 
also  the  same  buids  were  noticed  imd  drawn  by  myself  in  1873. 
In  1873  Mr.  Oreen  mentioned  this  particular  faint  band  here, 
which,  fdthough  I  examined  this  portion  of  the  planet  yery  carefully, 
I  could  not  see  at  all ;  and  the  mree  bands  of  which  I  haye  spoken, 
and  which  haye  been  drawn  by  Jacob,  Mr.  Green  did  not  see.  I 
should  like  to  ask  Mr.  Ghreen  wheth^  he  has  any  notes  on  this 
portion  of  the  planet  which  may  lead  him  to  giye  credit  to  other 
obseryers  for  haying  obseryed  these  bands.  I  think  myself  that 
that  is  a  portion  of  Mr.  Green's  map  which  wiU  require  modifi- 
cation. 

Mr.  Oreen,  1  can  credit  any  body's  obseryations,  I  belieye,  that 
there  are  constant  changes  of  these  delicate  markings  oyer  l^e 
surface  on  differ^it  eyenings.  I  myself  depicted  those  which  I 
saw ;  but  a  great  many  of  these  delicate  markings  and  streaks 
come  and  go.  I  made  drawings  at  Madeira  of  what  I  considered 
atmospheric  lines ;  I  haye  seen  lines  radiating  oyer  a  large  continent, 
but  I  haye  not  drawn  them,  because  I  considered  them  to  be  atmo- 
spheric. I  haye  not  the  slightest  doubt  about  lines  haying  been 
seen  by  Mr.  Knobel  and  ot^rs,  only  I  did  not  see  them.  Whether 
they  will  be  seen  again  when  the  nlanet  is  suffid^utly  tilted  up  to 
ensile  us  to  see  the  north  pole  I  do  not  know ;  but  to  enter  upon 
the  maps  any  markings  but  those  wbidi  haye  been  repeated  oyer 
and  oyer  again,  would  bring  us  into  considerable  confusion. 

Mr,  Knobel,  These  were  not  faint  markings,  they  were  good  boW 
markings,  yisible  on  three  or  four  of  my  drawings,  and  they  were 
yifible  the  whole  time  whilst  the  planet  was  yisiMe. 

Mr.  Oreen,  'We  must  hope  that  we  shall  see  them  again.  I  will 
try  to  yery  earnestly. 

Mr.  Chrietie.  With  much  of  what  Mr.  Green  has  said  I  should 
be  wilHng  to  agree ;  but  there  are  one  or  two  points  which  I  should 
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like  to  allude  to,  merely  as  showing  the  difficulties  connected  with 
the  study  of  M»s«  It  seems  to  me  a  most  difficult  planet  to  make 
any  thing  out  of.  I  agree  with  Mr.  Green  that  one  great  difficulty 
is  to  determine  what  r^ly  belongs  to  Mars,  and  what  belongs  to 
our  atmosphere.  I  examined  one  of  the  markings  (the  Maraldi  Sea) 
at  the  last  opposition  with  great  care  for  about  an  hour  or  so,  and 
I  had  very  great  difficulty  in  satisfpng  myself  whether  there  was 
a  break  through  it,  or  whether  it  was  merely  a  tremor  caused  by 
our  atmosphere.  After  careful  watching  I  came  to  the  conclusion 
that  there  really  was  a  break  right  through ;  and  when  I  came  to 
refer  to  a  drawing  which  I  made  of  the  same  phase  quite  inde- 
pendently in  1877, 1  found  that  the  same  break  was  shown  dean 
through.  As  regards  the  bright  spot  or  '*  island,''  which  Mr.  Green 
points  out  as  having  been  seen  in  1879,  but  not  in  1877, 1  may 
remark  that  in  1877  I  saw  two  bright  spots  or  "islands"  there,  and 
I  recorded  them  in  a  drawing.  So  that,  as  far  as  the  establishment 
of  a  change  in  Mars  is  concerned,  I  certainly  should  be  rather  in* 
dined  on  that  particular  point  to  dispute  it.  But  I  should  be  very 
sorry  to  put  forward  that  drawing  as  dedding  the  question  by  any 
means ;  I  only  mention  this  to  show  the  difficulties  attendant  on 
this  point,  some  caused  by  our  own  atmosphere,  and  others  caused 
by  the  difficulty  of  drawing  things  which  we  do  not  see  dearly. 

Mr.  Oreen.  The  changes  that  I  speak  of  I  do  not  suppose  for  a 
moment  to  be  actual  changes  in  the  planet,  but  changes  in  the  ap- 
pearance of  the  planet,  and  doubtless  in  a  great  measure  due  to  its 
atmosphere. 

Mr,  Christie.  I  may  mention  that  Mr.  T.  Brewin  has  sent  a  series 
of  nine  drawings  of  Mars,  which  have  been  handed  round  to  the 
Meeting. 

Mr.  Barnyard  was  called  upon  to  read  a  paper  on  his  obser- 
vations of  the  Eclipse  of  1878 ;  he  said : — I  ought  to  apologize  for 
not  having  given  an  account  of  these  observations  before ;  but  I 
had  undertaken  to  write  an  account  of  other  peoples'  observations, 
and  I  thought  I  had  better  finish  what  I  had  undertaken  first.  In  the 
spring  of  1878  I  wrote  to  Professor  Young  asking  advice  as  to 
the  best  station  to  go  to,  and  in  his  answer  he  kindly  invited  me  to 
join  him.  He  said  he  was  going  to  encamp  near  Denver,  and 
that  that  would  be  a  very  easy  place  to  get  my  instruments  to ;  in 
fact,  he  offered  me  the  hospitality  of  his  station.  I  gladly  accepted 
his  invitation,  and  took  with  m0  a  large  camera  of  13  in.  aperture 
and  6  ft.  2  in.  focal  length.  It  was  rather  a  problem  to  me  what 
mounting  I  should  take ;  the  German  mounting  with  counterpoise 
and  clock  would  make  a  very  large  instrument,  not  only  to  take  to 
America,  but  all  across  the  continent.  Ultimately  I  determined 
to  make  the  case  in  which  the  camera  was  carried  into  an  equa- 
toreal  mounting.  The  camera  was  a  long  box  of  deal,  and  would 
be  about  7  feet  long ;  it  was  necessarily  packed  in  rather  a  strong 
box.  The  two  sides  were  made  of  very  thick  elm  boards,  and  the 
camera  was  pivoted  into  the  sides  of  the  box,  so  that  it  could  be 
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swung  out  of  the  box  and  the  box  itself  tilted  up  for  the  polar 
axis,  and  moved  by  means  of  the  clockwork  motion  of  an  ordinary 
equatoreal  mounting  so  as  to  lEollow  the  Sun.  On  the  top  of  the 
camera  was  a  small  spectroscopic  camera  with  a  single  prism  of 
60°,  lent  me  by  Prof.  Young.  This  was  used  without  any  slit, 
and  the  exposure  was  made  just  before  the  commencement  of 
totality,  in  the  hope  that  a  series  of  images  of  the  lower  chromo- 
sphere, frequently  spoken  of  as  Yoiuig's  bright-line  stratum, 
might  be  obtained ;  but,  although  only  one  prism  of  60^  was  used, 
no  trace  of  the  spectrum  of  Toung  s  stratum  is  to  be  seen  upon 
the  plate.  The  same  plate  was  exposed  during  the  whole  of  the 
totiJity ;  and  there  is  an  image  of  the  continuous  spectrum  of  the 
corona  which  extends  from  a  little  below  Gt  for  about  one  fourth 
of  the  length  of  the  spectrum  of  the  solar  crescent  visible  after 
totality,  but  no  separate  images  of  the  corona  are  visible  corre- 
sponding to  the  bright  lines  which  have  been  observed  in  the 
spectrum  of  the  corona.  With  the  larger  camera,  two  photographs 
of  the  corona  were  obtained,  but,  owing  to  an  accident  by  which 
the  camera  was  pushed  from  ofE  the  Sun's  place,  no  further  photo- 
graphs were  obtained  with  it. 

While  the  friends  who  had  volunteered  to  assist  me  were 
making  the  exposures  with  the  large  camera,  I  was  observing  the 
polarization  of  the  corona  with  a  small  3-in.  telescope  and  a 
biquartz.  I  found  that  the  polarization  of  the  corona  could  be 
detected  by  strongly  marked  colours  quite  down  to  the  Moon's 
limb,  both  in  the  area  of  the  polar  rifts  and  within  the  brighter 
equatoreal  structure  of  the  corona ;  and  I  succeeded  in  tracing  the 
radial  polarization  of  the  corona  to  a  distance  of  a  solar  diameter 
and  a  half  from  the  Moon's  limb  in  the  eastern  equatoreal  regions. 
How  far  it  may  have  extended  to  in  the  polar  regions  I  do  not 
know.  The  coronal  extension  in  the  equatoreal  regions  was  very 
large  compared  with  the  extension  in  the  polar  regions,  as  seems 
to  have  been  very  frequently  the  case  during  eclipses  which  have 
happened  when  there  have  been  few  spots  upon  the  Sun.  But  no 
groups  of  synclinal  structure  are  visible — such  as  are  referred  to 
in  the  Eclipse  Volume  as  haviog  been  seen  in  so  many  coronas 
of  the  Sun-spot  maximum  type. 

Capt.  Ahney,  What  is  the  focal  length  of  the  lens  that  was 
used  in  the  camera  ? 

Mr.  Eanyard.  The  lens  was  of  13  inches  aperture,  and  6  feet 
2  inches  focal  length. 

Lard  Lindsay.  The  lens  is  one  made  by  Boss,  which  was  ex- 
hibited a  long  time  ago. 

Capt.  Abney.  1  want  to  know  the  ratio  of  the  aperture  to  the 
focal  length  of  the  camera. 

Mr.  lUinyard.  There  have  been  reflecting  telescopes  made  of 
much  shorter  focal  ^ngth ;  but  I  thought  it  unwise  to  use  a  reflector, 
because  there  seems  to  be  so  much  scattered  light  from  a  reflector. 
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The  oorona  is  of  yeiy  different  brightnesses  at  different  parts. 
The  lower  part  is  yerj  bright  compared  with  the  upper  part. 

A  Fellow.  Were  the  photographs  taken  with  drj  plates  ? 

Mr.  Eanyard.  Some  of  ^em  were  dry  plates — ^Mawson  snd 
Swan's. 

Mr.  Qlaisher  read  a  description  of  a  new  uniform  pressure  dock 
bj  Mr.  T.  Buckney.  The  dock  movement  and  pendulum  were 
each  endosed  in  partially  exhausted  bell-glasses  respectively  above 
and  below  a  central  base-plate.  The  dock  was  wound  by  electricity, 
contact  being  made  every  second. 

Lord  Lindsay.  So  far  as  I  understand  the  construction,  it  is  not 
a  new  one.  It  was  introduced  by  Thiele  of  Berlin.  With  a  certain 
amount  of  courage  I  ordered  one  from  him  of  that  deseription  in 
1873,  but  it  has  never  been  delivered  yet. 

Mr.  Gflaisher.  At  tiie  end  Mr.  Buckney  makes  this  remark : — ^'^  I 
may  state  in  condusion,  in  order  to  avoid  the  diarge  of  appropzi- 
ating  to  myself  and  taking  credit  for  the  invention  of  others,  t^at  tiie 
endless  chain  was  invented  by  a  Dutch  philosopher,  Huy^^ns.  The 
method  of  winding  is  the  only  thing  that  the  author  claims  as  new." 

Lord  Lindsay.  The  method  of  winding  that  it  was  proposed  to 
adopt  was  by  electrical  contact 

Mr.  Christie.  I  have  a  paper  on  the  mean  heliographic  lati- 
tude of  Sun-spots  for  the  years  1874  to  1879,  from  photographs 
taken  at  the  Royal  Observatory,  Greenwich.  A  paper  was  sent  a 
little  time  ago,  giving  the  mean  areas  of  Sun-spots  for  t^e  years 
1873  to  1879.  This  is  an  extension  of  the  paper  giving  t^  mean 
heUographic  latitude.  Dr.  B.  Wolf  and  others,  I  believe,  have 
pointed  out  that  the  'mean  heliographic  latitudes,  north  9xA  south 
of  the  equator,  are  larger  at  the  maximum  of  Sun-spots  and 
smaller  at  the  minimum.  The  Greenwich  photographs  show  that 
the  outburst  of  spots  which  commenced  in  the  It^r  half  of  last 
year  was  accompanied  by  an  increase  in  the  mean  distance  of 
spots  from  the  Sun's  equator,  thus  supporting  Dr.  E.  Wdf  s  oott- 
clusion.  I  may  also  mention  to  the  meeting  that  w^  have  been 
taking  lately  at  Greenwich  some  photographs  oF  the  spectrum  o€ 
Sun-spots,  and  from  those  we  have  got  some  enlargements.  They 
are  rather  in  the  nature  of  experiments  at  pres^it ;  but  it  may 
interest  some  of  the  Fellows  to  look  at  them  and  see  how  certain 
lines  are  broadened  over  a  Sun-spot. 

Mr,  Brett,  About  two  months  ago  a  question  was  raised  before 
this  Sodety  by  Mr.  Marth,  and  we  were  invited  to  observe  the 
comparative  brightness  of  Mars  and  Aldebaran  during  the  month 
of  February,  with  the  view  of  marking  the  date  at  which  their 
brightness  was  considered  equal.  We  have  come  now  to  the  end 
of  February,  and  I  thought  it  might  be  desirable  to  mention  that 
up  to  the  28th  of  February,  Mars,  according  to  my  judgment, 
maintained  a  decided  predominance  in  brightness  over  Aldebaran. 
On  the  4th  of  March,  which  was  the  next  opportunity  of  observa- 
tion, this  condition  was  considered  at  the  first  moment  to  be  r&- 
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versed,  and  Aldebaran  i^peared  the  brighter ;  but  on  farther 
attention  I  came  to  the  conclusion  that  l^ey  might  be  considered 
equal  on  that  day.  The  difierence  in  tiie  quality  of  th^  light 
was  80  decided  that  it  would  be  impossible  to  compare  them  very 
accurately,  Mars  appearing  to  be  shining  with  a  comparatively 
well-defined  light,  whereas  Ald^taran  appeared  as  a  point  with  a 
good  many  rays  of  great  brilliance.  Tne  temperature  was  very 
eren  on  bot^  nights,  the  wind  westerly,  and  the  definition  re« 
markably  good.  The  conclusion  which  I  arrived  at  was  that  up 
to  the  28th  of  February,  Mars  was  the  brighter,  but  on  Mardi  4th 
they  might  be  considered  equal. 

Mr.  Chambers,  May  I  ask  what  has  become  of  the  paper  by 
Mr.  Bumham  on  the  Bedford  Catalogue  ? 

IJord  Lindaay,  Would  you  allow  me  to  make  a  remark  upon 
what  has  fallen  from  Mr.  Brett?  That  subject  has  been  attended 
to  at  my  Observatory,  and  I  got  a  report  dated  March  loth,  saying 
tiiat  Mars  still  remains  brighter  than  a  Ononis,  but  the  light  of  that 
star  does  not  seem  to  exceed  that  of  Aldebaran  as  much  as  usual. 
We  had  photometric  measures  on  the  3rd,  which  will  be  reduced  as 
soon  as  Mars  at  all  declines  to  the  brightness  of  a  Orionis. 

The  President,  As  to  Mr.  Bumham's  paper,  I  may  say  that 
thepaper  has  been  referred  to  a  member  of  Council. 

Tne  Meeting  then  proceeded  to  l^e  ballot,  and  the  following 
gentlemen  wei^  elected  Fellows  of  the  Society : — 

Eev.  C.  S.  Harris,  M.A.,  and  Eev.  J.  J.  M.  Perry,  M.A. 

The  Meeting  adjourned  at  ten  o'clock. 


Klein^s  supposed  new  Crater  near  Hyginus. 

SoM£  of  your  readers  may  remember  that  in  my  article  on  this 
subject  in  the  'Observatory'  for  Jan.  1879,  ^  endeavoured  to 
show,  from  the  observations  of  Dr.  Klein  and  others,  my  reasons  for 
doubting  the  reality  of  the  crater  character  which  Dr.  Klein  had 
attributed  to  the  subject  of  his  observations,  and  that  I  also  indi- 
cated the  probability  (as  it  seemed  to  me)  that  its  true  nature 
would  be  found,  after  more  thorough  examination,  to  be  not  that  of 
a  crater,  but  a  shallow  depression,  perhaps  of  a  complicated  form. 

And  writing  now,  after  a  lapse  of  fourteen  months,  I  can  only 
say  that,  although  acquainted  vrith  all  the  observations  of  this  object 
which  have  been  published,  yet  I  am  unable  to  find  any  reason  to 
alter  the  opinion  then  expressed ;  and  will  give,  as  shortly  as  may 
be,  an  outlme  of  the  diffi.culties  which  seem  to  prev^it  the  accept- 
ance of  ^'Hyginus  N''  as  a  deep  black  crater. 

On  1878,  Dec.  31  (Moon's  age  7*'8),with  a  power  of  270  on  my 
8*i5-in.  speculum,  I  observed  a  shallow  and  very  irregular  depres- 
sion with  shaded  and  bright  sides,  including  in  the  deepest  shade 
what  appeared  to  be  the  shadow  ci  a  low  hill. 
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Again  on  1879,  Jan.  4  and  Mar.  29, 1  made  similar  observations. 

On  1879,  Dec.  5  (Moon's  ^  22**o),  Mr.  J.  Band  Capron,  using 
a  power  of  500  on  his  6-in.  Cooke  equatoreal,  thus  described  his 
own  observations : — "I  naturally  looked  for  a  crater-like  object,  but 
instead  of  that  saw  clearly  and  distinctly  what  struck  me  at  once 
as  more  like  a  round  hill  than  a  crater.  It  had  no  defined  margin 
and  appeared  gradually  sloping  on  all  sides  into  the  plain  in  which 
it  stood.  I  thought  I  once  caught  sight  of  a  very  small  dark  spot 
or  patch  of  shade  between  it  and  the  deep  shadow  of  the  Spiral 
mountain." 

On  1879,  Dec.  20  (Moon's  age  7^*3),  definition  being  good,  I  again 
examined  the  object  myself^  the  illumination  of  the  region  being 
suitable.  With  a  power  of  120  I  saw  a  dusky  spot  in  the  locality 
of  Klein's  object  on  the  western  edge  of  a  very  irregular  shading. 
The  spot  could  scarcelv  be  called  round.  With  a  snudler  aperture 
it  might  be  seen  as  a  dark  spot  in  a  sort  of  penumbra.  Suspecting 
that  its  true  character  was  not  fully  revealed,  I  changed  the  power 
to  270,  when  the  irregular  shading  appeared  as  a  shallow  valley 
skirting  the  gently  curved  rise  which  forms  a  sort  of  outer  ram- 
part to  the  Spiral  mountain  on  its  N.W.  This  irregular  shading 
was  complicated  by  the  shaded  margin  of  a  curved  and  very  slight 
elevation,  which  is  the  position  of  a  hill  in  my  drawing  in  the 
*  Observatory'  for  Jan.  1879.  And  in  this  curved  shamng  is  a 
darker  spot,  neither  round  nor  oval,  concave  on  its  western,  and 
convex  on  its  eastern  side ;  in  fact  the  true  shadow  of  a  higher 
elevation  rising  from  the  mound.  It  would  have  required  much 
imagination  to  have  supposed  the  dark  spot  to  be  a  deep  black  pit, 
and  it  seemed  strange  that  such  a  description  of  it  could  ever  have 
been  entertained.  Prolonged  and  careful  scrutiny  yielded  no  other 
view,  but  rendered  it  certain  that  no  other  dark  spot  was  visible 
near.  The  darker  spot  or  true  shadow  was  of  the  size  of  Hyginus 
6,  not  larger  (Plate  V.). 

On  1879,  I^-  21,9^  (Moon's  age  8'**4),  the  region  being  presented 
in  less  exaggerated  relief,  a  more  favourable  opportunity  occurred  f <Hr 
seeing  the  true  form  of  this  mysterious  object.  Definition  being 
exceedingly  fine,  I  used  a  power  of  450  with  perfect  sharpness  ctf 
the  image.  The  view  of  the  previous  night  was  confirmed  and 
much  more  detail  seen.  The  larger  drawing,  reproduced  on 
Plate  v.,  was  then  made,  and  renders  description  unnecessaiy.  The 
intensity  and  size  of  the  shadow  which  stiu  occupied  the  place  of 
Klein's  crater  was  found  to  be  rather  less  than  that  of  the  little  hill 
on  the  south  side  of  the  eastern  arm  of  the  Hyginus  deft.  No 
other  object  compared  so  well. 

On  1079,  Dec.  22,  6**  (Moon's  age  9^*3),  Mr.  CTapron  searched 
carefully,  but  found  no  crater  visible. 

On  Dec.  23,  9*"  to  11^  (Moon's  age  io*'4).  Definition  good  and 
power  270.  I  found  the  minute  craterlete  in  the  region  still  ex- 
hibited their  true  character ;  but  if  Klein's  object  be  a  crater  three 
miles  across,  why  could  no  trace  of  it  he  seen  ? 
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On  Dec.  26, 6*  40"*  (Moon's  age  i3**3),  Mr.  Gapron  again  examined 
the  region ;  and  of  course  the  solar  altitude  at  the  spot  was  too 
great  to  expect  to  see  Klein's  object,  but  he  observed  a  white  spot 
very  nearly  in  its  place. 

On  1880,  Jan.  19, 4^  30"  (Moon's  age  7**  7),  Mr.  Oapron  observed 
in  the  place,  or  close  to  it,  "  a  faint  dijQl  spot  with  a  very  faint  light 
border.  Between  this  object  and  the  Spiral  he  "  could  trace  a 
ndge  system  of  no  great  elevation  culminating  in  a  bright  point 
or  spot,  which  seemed  to  occupy  the  position  of  the  small  dark  spot" 
seen  in  his  last  observation.  *^  Bound  the  position  of  Klein's  object 
he  ^'  had  a  strong  suspicion  of  some  circular  bright  ridges." 

On  1880,  Jan.  20,  5**  (Moon's  age  8*- 8),  Mr.  Capron  records 
"  Klein  seen  as  a  very  faint  greyish-black  spot."  He  was  "  im- 
pressed with  the  idea  that  it  was  an  elevation  with  light  ring  round, 
and  ceni^  light  spot.  The  greater  part  of  the  shadow  was  from 
the  Sun,  but  there  was  a  smaller  shadow  on  the  opposite  side.  Defi- 
nition was  bad." 

On  1880,  Jan.  19,  6^  to  6^  30"  (Moon's  age  7*-8),  I  found  defi- 
nition fair  but  unsteady;  and  having  tried  many  powers  on  the 
object  and  simply  confirmed  my  observation  of  1879,  Dec.  29,  I 
had  myself  a  good  experience  of  the  difficulties  which  have  pre- 
vented all  observers  from  detecting  the  real  nature  of  this  curious 
problem.  With  powers  up  to  180  the  unsteady  definition  caused 
it  to  look  like  a  dark  blotch  in  a  penumbra ;  and  any  one  who  had 
never  had  such  a  view  as  I  was  so  fortunate  as  to  secure  on  Dec. 
20,  would  be  likely  to  suppose  it  to  be  a  crater.  To  myself  that  was 
impossible.  With  220  and  270  the  dark  spot  and  irregular  penum- 
bra-like shading  was  again  resolved,  with'  the  same  result  as  that  of 
the  previous  month,  although  with  more  difficulty ;  and  it  seemed  a 
power  of  450  on  an  aperture  of  8  in.  was  needed  to  discover  what 
the  formation  really  is.  The  size  of  the  shadow  was  about  the 
same  as  that  of  the  hill  on  the  southern  side  of  the  eastern  Hyginus 
deft ;  and  although  at  times  it  seemed  a  trifle  larger,  the  unsteadi- 
ness of  definition  accounted  for  that.  This  night^s  experiences 
showed  clearly  how  any  oue  may  have  been  misled  unless  he  observed 
with  as  large  an  aperture,  as  high  a  power,  and  as  exceptionally 
fibae  definition,  all  combined^  as  I  have  been  favoured  with  myself. 

Having  closely  studied  the  lunar  features  for  many  years,  it 
would  be  a  pleasure  to  me  to  know  of  one  instance  which  could  be 
adduced  as  unmistakable  evidence  of  present  activity  in  the  case  of 
an  object  so  large  as  "  Hyginus  N."  The  difficulties  in  the  way  of 
accurately  determining  the  nature  of  an  observation  are  often 
great,  because  of  the  deceptive  appearances  which  certain  forma- 
tions assume.  The  best  of  observers  ai:e  liable  to  mistakes  from 
this  cause;  and  for  thus  opposing  Dr.  Klein's  interpretation  of 
this  object  I  have  but  one  simple  reason — that  of  arriving  at  a 
true  knowledge  of  what  it  really  is.  I  have  before  me  tabulatioDS 
of  all  the  observations  of  it  which  have  been  published  in  this 
country,  some  published  abroad,  and  some  unpublished ;  and,  as 
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far  a4i  I  am  able  to  estimate  the  value  of  eridence,  it  seems  yery 
unlikely  that  it  is  (after  all  that  has  been  written  of  it)  really  a 
crater.  The  preponderance  of  testimony  seems  to  me  decidedly 
negative. 

In  determining  its  real  nature,  I  submit  i^t  the  recent  obser- 
vations of  Mr.  Capron  and  myself  deserve  some  consideration, 
and  that  the  observations  of  others,  if  carefully  compared  with 
them,  will  he  found  to  harmonize  more  completely  than  thev  do 
with  those  of  Dr.  Klein.  The  small  drawing,  reproduced  on 
Plate  y.,  will  better  illustrate  the  immediate  neighbourhood  of 
**  Hyginus  N "  as  I  have  seen  it  at  sunrise  than  many  lines  of 
description.  It  will  be  found  that  the  formation  is  one  peculiarly 
likely  to  afford  deceptive  appearances.  The  long  valley  which  runs 
from  Hyginus  past  the  Spind  mountain,  and  ends  at  the  foot  of 
the  bright  ridge  of  mountains,  is  joined  at  the  place  of  *' Hyginus  N" 
by  a  small  valley  which  curves  round  a  hill,  and  the  junction  is  for 
a  little  distance  only  partial,  from  the  intervention  of  a  slightly 
curved  and  decreasing  bank  which  juts  out  northwards  from  a 
small  elevation  formed  at  the  junction  of  the  more  elevated  por- 
tions of  the  boundaries  of  the  two  valleys. 

From  these  peculiar  features  may,  I  think,  be  derived  a  harmony 
of  all  the  observations,  including  those  of  Dr.  Klein. 

(a)  It  will  be  seen  from  the  small  drawing  that  when  the  Sun 
has  just  risen  on  the  region  the  shadow  of  the  rounded  hill  will 
fill  the  small  valley  as  far  as  the  curved  bank,  and  give  rise  to 
•*  a  black  spot  much  like  a  crcUer^  The  illusion  will  be  enhanced 
by  the  curved  bank  supplying  a  lighter  margin  partly  surrounding 
the  black  spot,  and  m  conjunction  with  the  hill  itself  on  the 
opposite  side  will  produce  an  appearance  which  may  easily  be  sup- 
posed to  be  a  crater,  if  the  state  of  definition  will  not  allow  or  a 
high  power.  As  instances,  see  some  of  the  notes  of  Messrs.  Klein, 
Neison,  Green,  and  CJommon. 

(h)  When  the  Sun  has  attained  a  slightly  greater  altitude  the  . 
shadow  of  the  hill  will  be  lessened,  exhibiting  "  a  black  spot "  still, 
if  seen  under  otherwise  similar  circumstances,  and  the  object  will 
be  thought  "  crater-like,  but  yet  not  decisively  so,*'  and  the  black 
spot  will  be  surrounded  by  a  nebulous  border.  For  examples  com- 
pare some  notes  of  Messrs.  Baxendell,  Knott,  Penrose,  Neison, 
Chreen,  and  Edgcumbe. 

(c)  In  a  case  exactly  like  the  last,  but  with  the  finest  definition 
and  a  power  of  about  500,  the  object  will  be  seen  not  perfectly  round, 
but  like  the  shadow  of  a  hill,  and  the  nebulous  border  will  be  re- 
solved on  one  side  into  the  curved  bank,  and  on  the  other  into  the 
shaded  side  of  the  hill  itself,  the  hill  being  recognized  as  such,  as 
in  some  of  the  observations  of  Mr.  Capron  and  myself. 

{d)  With  a  still  slightly  increased  solar  altitude,  the  blackness 
of  the  shadow  being  diminished,  if  observed  under  definition  of 
only  fair  quality  and  with  only  moderate  power,  the  object  will 
appear  as  "a  white  hill  with  a  dark  spur  S.W.,"  as  described  by 
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M.  Gaudibert,  or  as  ^^ a  lightish  grey  crater-like  spot''  as  seen  bj 
Mr.  Darrad ;  while  under  the  finest  definition  and  high  power  its 
more  c<Hnplioated  character  will  still  be  yiaihle,  ^  ^  some  of  mj 
own  observations. 

These  remarks  all  apply  to  the  lunar  morning,  when ''  Hyginus  N  *' 
is  usually  seen.  At  the  time  of  lunar  eyening  there  has  been  no 
occasion,  so  far  as  I  know,  on  which  it  has  presented  a  crater-like 
appearance — a  circumstance  which  is  somewhat  remarkable,  and 
wludi  of  itself  detracts  considerably  from  the  probability  of  its 
crater  character,  as  indicated  in  my  previous  paper.  A  reference 
once  more  to  tiie  small  drawing  will  explain  why  it  does  not  ex- 
hibit that  form  at  sunset,  and  also  why  the  hill  and  its  shadow  are 
then  more  easily  recognized. 

If  all  the  published  notes  of  various  observers  be  carefully  com-« 
pared,  it  will  be  found  that  if  "  Hyginus  N"  is  really  a  crater  a  very 
considerable  contradiction  exists  between  them ;  and  that  if  it  be 
the  peculiar  formation  whkh  I  have  described,  that  apparent  con- 
tradietioii  becomes,  I  think,  harmoniied  and  explamed — a  cir* 
eumstance  which  appears  to  me  to  add  some  weight  to  the  hypo- 
thesis which  I  have  advanced ;  and  if  the  region  be  dosely  studied 
under  the  finest  definition  and  with  powers  of  about  500, 1  think 
the  Moon  itself  will  establish  the  accuracy  of  my  explanation. 

At  the  suggestion  of  Mr.  Caprcm  I  have  miade  a  model  of  the 
region  from  my  own  observations.  When  this  is  suitably  illu-^ 
minated,  and  seen  at  a  dist^moe  of  several  feet  through  a  small 
telescope  of  low  power  accurately  focused,  the  true  form  of  the 
model  is  of  course  apparent.  But  a  very  slight  alteration  of  focus 
destroys  the  sharpness  of  the  shadow  of  the  hill,  and  that,  in  con- 
junction with  the  peculiar  form  of  the  valley,  produces  a  dark 
nebulous  spot  with  a  blade  nucleus  of  uncertain  form,  the  whole 
surrounded  by  a  lighter  border.  This,  it  will  be  noted,  is  the  aspect 
of  "  Hyginus  N  "  which  is  most  often  seen,  and  the  cause  of  which  is, 
as  I  think,  a  ccnnbination  of  insufficient  definition  and  power.  A 
similar  result  is  obtained  by  observing  the  image  of  the  model  on 
the  finely  ground  screen  of  a  camera  having  a  Dallmeyer  lens. 
Of  course  I  do  not  offer  this  as  proof  of  the  nature  of  "Hyginus  N," 
but  merely  as  in  some  degree  supporting  what  I  have  stated  above. 

18  PwBton  St,  Brighton.  Henet  Pbatt. 


An  Appeal  to  Amateur  Astronomers  possessing  Telescopes 
of  Large  Aperture, 

Ii  is  weQ  known  that  many  telescopes  of  very  considerable 
iq>ertn[re  are  now  in  the  hands  of  amateur  astronomers,  and  it  is 
not  an  uncommon  complaint  with  these  gentlemen  that  no  one  will 
take  the  trouble  to  point  out  in  what  way  they  can  do  useful  astro* 
nomical  work.    I  hope,  therefore,  that  I  shall  not  be  considered 
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obtniaiTe  if  I  venture  to  ask  tbose  wbo  are  so  fortunate  as  to 
possess  large  reflectors  or  refractors  to  give  a  little  of  their  time, 
either  occasionallj  or  regularly,  to  the  examination  of  the  objects 
described  below. 

Double-star  observers  who  have  the  misfortune  to  suffer  from  a 
bad  climate,  or  whose  instruments  are  not  sufficiently  powerful, 
often  waste  a  large  amount  of  valuable  time  in  attempts  to  see  and 
measure  such  stars.  The  difficulty  may  arise  from  the  extreme 
f  aintness,  or  the  variability  or  the  closeness  of  the  companion ;  and  it 
is  to  the  second  of  these  causes  that  attention  is  here  more  especially 
drawn.  If  the  period  of  the  variable  were  known,  even  approxi- 
mately, much  valuable  time  might  be  saved.  With  the  cases  of 
extreme  closeness  and  extreme  minuteness  of  the  companion,  larger 
instruments  alone  can  successfully  deal.  In  addition  to  these,  t^e 
interesting  phenomena  of  occultations  and  the  supposed  instuices 
of  *  missing '  or  '  lost  stars '  may  be  named.  An  examination  of  the 
subjoined  list  will  show  the  nature  of  the  observations  here 
solicited,  and  also  the  instrumental  and  other  requisites  necessary 
for  the  work.  In  the  case  of  ^  missing '  stars  and  variaUes,  the 
entry  will  be  simply  '  seen,'  with  an  estimate  of  the  magnitude,  or 
*  not  seen.'  Such  expressions  as  '  seen  with  difficulty,'  *  seen  with 
ease,'  *  seen  steadily,  will  also  be  useful.  In  the  case  of  occul- 
tations, the  form  of  entry  may  be,  *  not  round — elongated  in  such 
and  such  a  direction,'  or  '  quite  round.'  In  all  cases  a  few  words 
descriptive  of  the  atmospheric  condition  should  be  added,  together 
with  the  aperture  and  power  employed.  If  the  stars  be  always 
observed  on  or  very  near  the  meridian,  all  the  better ;  if  not,  the 
rough  hour-angle  should  be  given. 

The  instruments  necessary  for  this  work  will  obviously  be 
equatoreally  mounted  reflectors  or  refractors  of  not  less  than  8  in. 
aperture,  and  a  sidereal  clock  or  a  common  clock  or  watch  set  to 
sidereal  time  nightly.  A  micrometer  will  not  be  necessary,  but  a 
rough  one  would  add  to  the  value  of  the  results  in  certain  cases. 
The  other  conditions  of  success- will  be  a  good  eye  for  minute  points 
of  light,  a  good  sky,  some  practice  vn.  the  estimation  of  stellar 
magnitudes,  and  much  patience. 

Any  results  which  observers  may  obtain  in  suich  an  examination 
of  the  list  given  below  (or  of  any  other  difficult  pairs)  would,  I  am 
sure,  be  received  by  Mr.  Bumham,  or  any  other  of  our  leading 
double-star  observers,  with  much  pleasure.  And  I  may  add  that  if 
the  skies  which  we  have  experienced  had  been  such  as  to  lead 
us  to  think  that  such  an  undertaking  could  be  successfully  prose- 
cuted here,  this  appeal  to  other  ol^ervers  would  not  have  been 
made.  When,  however,  we  are  not  able  to  see  the  5th  star  of  the 
trapezium  of  Orion  really  well  more  than  two  or  three  times,  mmL 
the  6th  very  seldom  indeed  during  an  apparition,  further  proofs 
of  the  great  difficulties  we  have  to  contend  with  at  Bermerside  need 
not  be  given. 

The  places  of  the  stars  are  for  1880.     )3= Bumham. 
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a  95.        E.A.  I**  4"*-4,  D^.  —5°  36'.    Mag.  A  8-5,  B  97. 

De  could  not  see  the^companion  in  1864-5,  nor  could /3  in  1873. 
In  1874  j3  with  the  6-inch  saw  it  readily;  distance  14"*! 8. 

Polaris,  S  93.        R.A.  i''  13*7,  Dec.  88°  40". 

Small  stars  hare  been  suspected  about  4"  distant.  /3,  after 
several  examinations,  is  pretty  sure  the  suspected  stars  do  not 
exist. 

S  293.        RA.  2^  35"»-5,  Dec.  56^  33'.    Mag.  A  8-5,  B  117. 

De  in  1867*6  failed  to  see  the  companion,  but  saw  it  in  i866. 
Gl  and  j3  have  seen  it  since ;  distance  8"'3. 

2  z^^  'T^'        R-A.  z^  8°>-2,  Dec.  22°  30'.    Mag.  A  7,  B  10,  C  11. 
2  suspected  the  duplicity  of  the  companion,  but  finally  rejected 
it.    /3  measured  it  in  1877  and  1878;  distance  i"'86. 

OS  61  reg.        EA.  z^  36°"*3»  I>©<5.  f  3i'-    Mag.  A  7-2,  B  10. 

An  elongation  of  A  and  a  small  star  at  i"*2  distance  were  sus- 
pected by  OS  in  1842  ;  it  was  rejected  in  1850  by  02.  The  smaJl 
star  was  readily  seen  and  measured  by  De  in  1867  ;  fi  measured  it 
in  1877;  distance  i"'87. 

2  453.        E.A.  3**  42"»,  Dec.  23°  41'.    Mag.  A  5,  B  8. 

This  is  the  well-known  star  Ailas  Pleiadwm :  seen  double  by 
2  in  1830;  distance  0**79.  Dawes,  Secchi,  De,  j3,  and  others 
have  always  found  it  single. 

0277.        E.A.  4»»  8°-2,  Dec.  31°  24'.    Mag.  A  7-8,  B  7-8. 
/3  strongly  suspects  the  distant  companion  (distance  S^"'S)  ^ 
have  an  exceedingly  minute  attendant ;  distance  about  o"7. 

2  547^        E.A.  4*"  i9"'*8,  Dec  —1°  40'.    Mag.  A  8-5,  B  ii'S^ 
Measured  by  2  in  1831,  seen  by  Madler  in  1845 ;  invisible  to 
De  in  1865,  and  to  /3  in  1873  and  1876.    Seen  and  measured  by  j3 
in  1877,  and  by  GH  in  1880 ;  distance  2"*25. 

2  609.        E.A.  4^  43"*6,  Dec.  0°  59'.    Mag.  A  8|,  B  87. 

Single  to  De  in  1865,  and  /3  in  1874.  Seen  and  measured  by  /3 
in  1878;  distance  2"7» 

2  607.        E.A.  4*"  45"''8,  Dec.  25°  14'.    Mag.  A  9,  B  io-8. 
De  failed  to  see  the  companion  in  1866,  and  j3  in  1873.  Measured 
by  /J  in  1877  ;  distance  i4"'i. 

OS  97.        E.A.  4^  59"'3»  I>e<5.  22"*  5^'.    Mag.  A  6,  B  7-8. 

Elongated  by  OS  in  t  842 ;  single  to  Madler  in  1 844,  and  elongated 
by  him  in  1846,  1848,  and  1849;  measured  by  02  in  1852; 
elongated  by  De  in  1866,  but  single  in  1869. 

VOL.  m.  2  b 
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,fi  Orioiria.        EJL.  5*  8»-9,  Dec  —8^  20'.    Mag.  A  i,  B  9. 

Both  Mr.  Bamliain  and  Mr.  Sadler  haye  been  led  to  Biupect  an 
elongation  in  the  9^1  ma^.  companion  of  Bigel.  The  former  ob- 
serrer  has  devoted  much  tmie  to  it  since  187 1,  with  both  the  6-inch 
and  18 j -inch  object-glasses;  and  in  1877  this  most  persistent 
scrutiny  was  rewarded  by  the  conviction  that  it  is  really  a  double 
star :  a  sniBEll  elongation  was  obtained ;  **  the  true  central  distance 
is  certainly  less  than  o''*2 ;''  and  Mr.  Bumham  adds,  ''it  is  the 
closest,  and  perhaps  most  difficult  pair  of  this  class  I  have  ever 
seen.*' 

&  Ononis.        E.A.  5^  29"»-4,  Dec  -5**  28'. 

The  5th  and  6th  stars  have  been  suspected  of  variability.  Ot^ier 
minute  stars  are  said  to  have  been  seen  within  and  near  tho 
trapeanm. 

02  160.        EA.  6^  47"-2,  Dec.  21®  19'.    Mag.  A  7,  B  10. 

Detailed  to  see  the  companion  in  1867,  and/}  in  1876.  Measured 
by  )3  in  1878;  distance  i  -43. 

02  162  r^\    E.A.  &"  52»-9,  Dec  16°  7'.    Mag.  A  7,  B  10. 

Seen  by  02  in  1841,  and  rejected  by  him  in  1850.  De  fiuled  in 
1866,  and  j3  in  1875.    Measured  by  j3  in  1878 ;  distance  2o"'98. 

02  165.        EJL  7*  i»-5,  Dec  16^  9'.    Mag.  A  5,  B  lo-ii. 

In  rapid  motion.  De  has  never  seen  the  comp^on,  owin^ 
no  doubt  to  its  fointness;  nor  could  /3  glimpse  it  in  1875.  p 
measured  it  in  1878 ;  distmce  2"'45. 

%  1058.    E.A.  1^  10",  Dec  9^  37'.    Mag.  A  8^,  B  11. 

De  failed  to  see  the  companion  in  1865,  and  j3  in  1874-5  and 
1878,  after  a  v^  careful  seareh.  In  1879  /3  measured  it ;  dbtance 
a2"-32. 

Pollux.  .      E.A.  7^  38",  Dec  28**  18'.    Mag.  A  2,  C  12^. 

The  small  star  0  (angle  90^*4 ;  distance  205"*5)  was  not  seen 
by  Sir  W.  Herschel  nor  by  South ;  Da  and  Smyth  saw  it,  but  made 
no  measures ;  Flammarion  measured  it  in  1 87  7,  as  above.  Accordbg 
to  Smyth  it  is  as  bright  as  B  (angle  72^-1,  distance  i75"'0,  mag. 
II). 

2  1 143.        E.A.  7^  4i**7>  Dec  5°  42'.    Mag.  A  7^  B  zi. 
Discovered  by  2  in  1825  ;  the  companion  was  never  again  seen 
by  2 ;  De  failed  in  1863-4,  and  /3  in  1874-6. 

02  185.       E.A.  7^  5i»-i,  Dec  i**  28'.    Mag.  A  6-8,  B  7. 

Elongated  or  measured  by  OS  from  1844  to  1869,  but  found 
single  by  him  in  1870  and  1873.    Probably  an  occultation. 
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S  3123.     .  B.A.  1^^  o"»,  Ded.  69®  aa'.    Mag.  A  6-5,  B  6-5. 

Discovered  by  S  in  1832;  distance  6'''3.  It  has  been  single 
since  1862.    ProbaMy  an  occ&ltatioli. 

OS  255  re/.        KA.  12^  4o"-i,  Dec.  3''  7'.    Mag.  A  7,  B  12. 
Not  seen  by  De  in  1866.    Measured  by  j8  in  1878;  distance  2o"-2. 

2  3081.    E.A.  13^  38*'-8,  Dec.  —  il*^  14'.    Mag.  A  8-8,  B  9-2. 

De  failed  to  see  the  companion  in  1865.  j3  measured  it  in  1878 ; 
distanoB  2"*o2. 

S  1801.        E.A.  13   S9"7,  Dec.  6°  32'.    Mag.  A  9,  B  io|. 
Not  seen  by  De  in  1865.    Measured  by  j3  in  1878;  distance 
i9'-37. 
S  3124.       E.A.  i4*»  ii"*-9,  Dec.  51°  55'.     Mag.  A  4^,  B  4^,  C  8. 

AB  form  a  yery  close  double  star,  discovered  by  2  in  1836 ;  it 
lias  never  been  separated  by  any  instrument :  distance  of  C  38". 

2  2062.        EA.  16^  28»-7,  Dec.  8^  56'.    Mag.  A  8-3,  B  it. 

De  could  not  see  it  in  1865 ;  j3  saw  it  in  April  1874,  but  it  was 
invisible  on  a  very  fine  night  in  June  of  that  year ;  he  saw  it  well 
in  May  1875 :  distance  2'^-8. 

02  333.        E.A.  17^  3i*-2,  Dec.  10^  39'.    Mag.  7. 

De  found  it  single  iii  1865  ;  fi  has  seen  no  trace  of  the  com- 
panion. On  the  other  hand,  Madler  has  a  meastu^  in  1845; 
oistance  o"'2. 

72  Ophiuchi.    EA.  18^  i"'7,  Dec.  9°  33'.    Mag.  A  4,  B  14. 

AB  is  02  342 ;  but  02  has  several  times  measured  a  com- 

niion;  distance  i''*5.     Newcomb,  Hall,  and  Bumham  have  all 
ed  to  see  this  star. 

02365.        E.A.   18^  52"-3,  Dec.  44^  4'. 
Mag.  A  7'4,  B  8*5,  C  ii-i. 

AC  is  2  31365  distance  3".  In  1841  02  readily  saw  that  A 
was  a  close  double ;  it  was  single  in  1852,  measuridd  in  1857,  and 
single  ever  since.    Probably  a  binary  of  short  period  and  variable. 

f  Sagittarii.        E.A.  i8»'  55",  Dec.  -30*^  3'.    Mag.  A  zh  ^  4- 

Discovered  by  "Winlofck  many  years  ago.  Newcomb  measured  it 
in  1867 :  /3  examined  it  inany  times  prior  to  1878,  but  without 
seeing  the  companion;  in  1878*7,  however,  he  saw  and  measured 
it ;  &tanc^  o'^42.    Probably  a  case  of  occultation. 

02  380.    ,    E.A.  19*^  36"»-9,  Dec.  11°  33*.    Mag.  A  57,  B  77. 

The  close  pair  is  thus  given  b^  /}  in  18777  :-;-  74°-6,  o^-S/^.  02 
saw  a  tliird  star  (distance  i"'2)  in  1842,  hut  failed  to  see  it  again. 
Newcomb  and  j3  have  also  &iled  to  see  any  trade  of  it. 

2£2 
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j3  151.        R.A^  20^  3i"*9,  Dec.  14®  11'. 
This  is  j3  Delphini,  the  dose  pair  forming  a  remarkable  hinaiy 
star;  it  was  discovered  in  1873,  and  has  be^  gradoallj  closing np 
eyer  since:  distance,  in  1878,  o"'24. 

02  424,    EJL  20^  53"»-6,  Dec.  15^  6'.    Mag.  A  7-8,  B  8-9. 

Discoyered  in  1845  by  02,  distance  0^*46;  elon^ted  bj  De  in 
1865 ;  single  to  /3  in  1876  and  1877.    An  occultation. 

ICr.  Edward  CtomWb  Obserratory,  J.  GlbdhiiXi. 

Bennenide,  HalifaT. 


Double  Stars  for  April. 

The  most  important  pairs  from  7^  to  9^  have  already  been  giyen. 
Some  of  the  following  objects  present  points  of  interest ;  others 
need  remeasurement.  GO  s  the  Cincinnati  obseryers  Ormond,  Stone, 
Howe,  and  ISgbert. 

2  1047.        ^-A.  7*"  7''4»  Dec.  +15**  59'.    Mag.  8-5,  10-3. 
22°-3      2i"-si        1868-4        De. 

S  1046.        EjI.  7"^  7"»-8,  Dec.  +14°  46'.    Mag.  8-6,  117. 
;  234'''2       io"'92         18677        De. 

5  1049.        B.A.  7"^  7™'9,  Dec.  -8°  43'.    Mag.  8-3,  10. 

42°-8        3"-5  18677        De. 

40  '2        3  '37  79*2        CO. 

2  1051.        E.A.  7''  i2"^i,  Dec.  +73°  19'.    Mag.  6-5,  8-5,  9. 

AB        278^-4        i"-22        1858-1        Ma. 
AC  81  31  fixed. 

S  1066.       E.A.  7"^  i2"-9,  Dec  +22°  12'.    Mag.  3,  8. 

This  is  I  G^eminomm. 

i84*'-i        6"-s  1781-8        H. 

202  '9        7  -12         1876*2        "W. 
204  '3        7  -37        1878-1        Dob. 

Probably  binary ;  difficult ;  small  proper  motion. 

2  1081.        E.A.  7''  i7"*-o,  Dec.  +21''  42'.    Mag.  7-5,  8-5. 

224*»-6        i"-4  18678        De. 

226  •!        I  '^6  78-1        Bu. 

S  1 134.        EjI.  7**  37"*2,  Dec.  +3°  47'.    Mag.  8,  11. 
I47®*i      io"-02        1869-3        De. 
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S  1136.        E.A.  7*»  4i"-8,  Dec.  +65°  13'.    Mag.  7-3,  11. 
244<'-9        9"*Si         1869-3        02. 
Bu  24.        EA.  8*  48»-4,  Dec.  -8^  18'.    Mag.  7-8,  9. 
177^*3         i"*i2         i878'2* 

a  Leonis.        E.A.  lo**  2"*,  Dec.  +12°  ss',    Mag.  8'4,  13. 
BO  85^-0        3"-i7        1876-3        HaU. 

88  -5  -29  8-1        Bu. 

"  The  minute  companion  to  H's  star  was  detected  by  the  late 
Professor  "Winlock  some  years  ago  with  the  15-inch  of  the  Harvard 
Oollege  Observatory."    (Bu.) 

JOSBPH  Q-LEDHXLL. 
Mr.  Edward  Croflsley'B  Observatory, 
Bermerside,  Halifax. 


Meteor  Notes  for  April*. 

Thb  Lyrids  should  be  looked  for  on  the  mornings  of  the  i9th-2oth. 
The  Moon  being  jpast  the  first  quarter  will  to  a  certain  extent 
interrupt  observations  until  about  2^  30™  a.m.  ;  but  this  annual 
shower  of  Lyrids  appears  to  have  fallen  ofE  considerably  during 
the  last  few  years  and  to  have  become  a  display  of  minor  impor- 
tance. On  the  nth  and  i2tht  large  meteors  are  abundant,  and 
the  Moon  being  absent  this  year  the  epoch  is  a  favourable  one  for 
the  reobservation  of  the  showers  to  which  they  are  to  be  attributed. 
The  chief  radiants  have  been  determined  at  249°  +51°,  212°  +65% 
and  184^  +59^9  and  several  fireballs  have  been  directed  from  the 
Lynx  and  fore  part  of  Ursa  Major.  There  are  active  showers 
also  near  /J  Bootis  (223°  +42°),  11  UrsseMajoris  (206°  +44°),  and 
in  Hercules  two  well-defined  radiants  are  visible  at  257*^  +37®  and 
265°  -1-23^  A  new  shower  in  Cepheus  (335°  -1-62°)  also  requires 
confirmation ;  and  amongst  the  constellations  included  in  the  zone 
from  Leo — Ursa  to  Aqmla — Cygnus  a  great  number  and  variety  of 
showers  are  displayed  many  of  which  liAve  hitherto  been  slenderly 
observed.  These  will  be  revealed  by  a  series  of  well-directed  and 
long-continued  watches,  which  are  also  likely  to  bring  to  light  a 
few  conspicuous  streams  not  seen  by  former  observers.  At  this 
period  of  the  year  the  region  near  Lyra  has  received  a  monopoly 
of  attention,  and  thus  the  major  showers  in  the  neighbourhood  of 

*  For  further  notes  on  April  ahowers  see  '  Obsenratory/  YoL  L  p.  417,  and 
VoL  iLjpp.  416-17. 

t  A  list  of  the  principal  showers  for  April  9-ia  is  given  hv  the  writer  in 
the '  Monthly  Notices/  YoL  xitIt.  pp.  404-5 ;  and  for  April  19-22  in  YoL 
zxxfiii.  p.  396. 
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Ga^aiepeia  (viBible  pa,  the  N^W.  in  ihe  eretmg  hours)  have  been 
comparativelj  neglected. 

EecerU  Observations. — The  Ber.  S.  J.  Perry  mentions  *  a  radiant- 
point  at  ILA.  155°  I  a',  N.P.D.  54®  54',  observed  on  the  mornings 
of  1879,  November  13-15,  at  Stonyhnrst  Observatory,  and  gives  the 
position  of  a  ist-mae.  stationary  meteor  at  EA.  157**  18',  N.PJ). 
52°  30',  Nov.  14,  15^  34"*.  The  shower  in  Leo  Minor  to  which 
these  observations  relate  was  pointed  out  in  the  *  Observatory/ 
Vol.  iii.  p.  202,  as  one  of  the  co-Leonid  centres  of  radiation.  It 
was  seen  b^  ^jor  Tupman  in  1869,  Nov*  7,  at  160°  +40°,  and  by 
ihe  writer  m  1876,  Nov.  26-29,  at  155®  +36°,  when  it  was  descnbed 
as  "  a  very  fine  shower  of  bright  swift  meteors  with  streaks  like 
the  Leonids  "t.  Two  meteors  of  the  same  stream  were  simul* 
taneously  recorded  at  the  Boyal  Observatory,  Greenwich,  and  at 
the  Stonyhurst  Observatory  on  the  morning  of  Nov.  15,  1875,  one 
of  which,  as  observed  at  the  former  station,  was  nearly  stationary 
at  158°  +40°,  and  the  other  had  a  radiant  at  154®  +37°  from  the 
combined  tracks  t» 

Several  large  meteors  are  described  in  the  '  Science  Observer ' 
(Boston,  Mass.),  No.  25,  as  follows : — 

(i)  1879,  Nov.  3,  6^  43".  >%.  Appeared  immediately  below 
h  and  moved  perpendicularly  downwaras,  passing  0  Ceti  and  disap- 
pearing at  r  Ceti  without  separating  into  fragments.  Duration  i| 
to  2  seconds.     Observer  W.  H.  Numsen,  B^timore,  Md. 

(2)  1 879,  Nov.  5, 6^  20".  A  small  fireball  started  from  a  Persei 
and  burst  into  four  fragments  a  few  degrees  below  Polaris.  Train 
of  10°  or  12®  in.  length.  "  The  colour  of  the  meteor  was  at  first 
a  bluish  purple,  becoming  more  and  mwe  briUiantly  tinted,  and 
finally  exploded  with  a  strontian  fiame  red.  I  have  several  times 
noted  this  change  of  colour  in  explosive  meteors  ;  in  this  instance 
no  noise  was  heard.*'  Observer  Q-.  H  B.  Trouvelot,  Cambridge, 
Mass. 

(3)  1879,  Dee.  9, 7''  19".  =  ?  at  max.  Passed  from  215°  +72*" 
to  198®  +63°.  The  sky  was  completely  obscured  by  heavy  high 
clouds,  no  stars  or  planets  being  visible.  Its  position  wjis  refen^ 
to  one  of  the  roofs  near  which  it  passed  and  the  apparent  path  de- 
termined by  the  stars  on  a  subsequent  evening.  Observer  O.  H. 
Landreth,  Nashville,  Tenn. 

(4)'  1880,  Jan.  19,  7^  2o"».  A  double  meteor.  The  colour  and 
brightness  of  the  primary  =  h  ;  the  secondary  was  half  as  bright 
and  distant  ij|°.  The  meteor  was  first  seen  about  3*^  from 
Capella,  and  it  moved  towards  d  XJrsaB  Majoris,  the  line  being  about 
parallel  to  the  line  joining  /3  and  y  Urs»  Majoris.  Observer  Dr.  L. 
Waldo,  New  Haven.  W.  P.  DmnsTKO. 

*  *  Monthly  Notices'  of  the  B.A.S.  Vol.  iL  p.  140. 

t  Monthly  Notices,  Vol  xsxrii.  p.  110. 

I  B.A  Beport  on  LuminouB  Meteors,  1877,  f^.  126  and  i6z. 
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CORRBSPONPBNCB, 

ToiheSdiiarof*TheOb9enMaorff: 

The  Great  8<nahem  Comet. 

I  suppose  lihat  you  will  before  this  have  received  from  some 
of  the  Southern  observatories  the  particulars  of  the  visit  of  our 
last  Great  Comet.  I  could  not  succeed  in  getting  a  perfect 
observation  of  it.  I  saw  it  first  on  Thursday  evening,  Feb.  5,  in 
the  W.S.W.  horizon,  or  ratJier  the  upper  portion  of  the  tail 
was  visible ;  light  clouds  persistently  hid  the  lower  part  from  view, 
so  that  it  was  impossible  to  ascertain  the  exact  position  of  the 
nucleus,  but  from  iiie  direction  of  the  tail  it  could  not  have  been  far 
from  Fomalhaut.  The  portion  of  the  tail  visible  was  about  34^  in 
length,  9°  in  breadth,  its  long  straight  narrow  form  resembUng  the 
one  of  1843,  which  X  remember  well,  although  inferior  in  l^ogth 
and  brilliancy  to  that  famous  comet.  The  tail  passed  ovw  c  Fhoenids 
without  affecting  the  light  of  the  star  in  any  degree.  It  then 
stretched  upwaras  toward  Achemar,  passing  about  3^  N.  of  that 
star.  For  such  great  magnitude  the  tau  seemed  deficient  in 
brilliancy,  its  light  hardly  equalling  and  certainly  not  exceeding 
the  light  of  the  minor  Magellanic  doud  which  was  then  not  far 
off,  and  so  provided  a  good  test  for  comparison.  It  was  too  faint 
to  allow  it  to  be  visible  at  7.15  in  the  twilight.  It  could  be  dis- 
cerned at  7.30,  but  did  not  show  well  out  until  7.45. 

I  saw  it  again  on  Feb.  6  and  7 ;  but  a  similar  belt  of  cloud  near 
the  horizon  covered  the  head,  so  that  I  could  not  obtain  even  a 
glimpse  of  it,  which  I  felt  the  more  sorry  f(v,  as  I  am  sure  it  must 
have  been  both  hurge  and  bright.  The  position  had  so  far  altered 
that  on  Feb.  6  the  tail  passed  over  a,  /3,  and  ^  in  Phosnix,  and  k  and 
^  in  Eridimus ;  and  on  Feb.  7  it  passed  in  a  line  north  of  those  stars 
between  j3  and  v  in  Phoenix,  showing  that  the  comet  was  moving 
in  a  N.E.  direction,  and  I  should  say  rapidly  receding  from  the 
earth,  as  the  1^  showed  each  night  much  fainter.  Since  then  the 
weather  has  set  in  rainy  and  doudy,  preventing  any  further 
observations  whatever. 

I  am,  Sir,  yours  very  faithfully,     . 
HuDSOK  B.  Jaitisoh.' 

Sirias  and  Piazzi. 
Sib,— 

I  have  had  occasion  lately  to  make  a  careful  diagram  of 
Sirius  and  the  principal  neighbouring  stars  visible  with  a  low-power 
ocular,  magnifying  80  diameters,  on  my  equatoreal  of  8  in.  aper- 
ture. Smyth  in  tiie  Bedford  Catalogue  quotes  the  following  note 
from  Piazzi's  catalogue,  "  alia  8*  magnit.  pr»cedit  3"  temporis,  3' 
ad  Boream.''  Now  it  is  evident  tlwit  an  8th-magnitude  star  3' 
north  of  Sirius  would  be  conspicuous  with  8  inches  aperture,  yet 
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I  can  find  no  star  at  all  answering  to  this  description.  I  have 
verified  the  accuracy  of  Smyth's  quotation  by  referring  to  Piazzi's 
catalogue.  I  placed  the  wires  of  my  parallel  wire  micrometer  at  3' 
or  180"  distance,  and  made  a  star  run  along  one  of  the  wires  when 
the  telescope  is  moved  in  E.  A.,  and  with  this  have  carefully  scanned 
the  neighbourhood  of  Sinus,  and  cannot  find  any  conspicuous  star 
so  near.  I  presume  Piazzi's  description  would  make  the  position- 
angle  of  his  star  about  340°. 

There  is  another  puzzle  in  the  Bedford  Catalogue  in  connection 
with  Sirius.  Smyth  mentions  a  distant  loth-magnitude  star,  of 
which  he  gives  the  Pos.  =  45°*o,  Distance  =  150"  (it  is  really  much 
further  off,  but  that  does  not  affect  the  matter  in  hand),  and  adds, 
*'  a  line  through  the  two  here  cited  passes  nearly  upon  that  men- 
tioned by  Pia^,  *  ab'a  8*  magnit.  prsBcedit  &c.' "  Smyth's  distant 
loth-mag.  star  is  in  the  n./.  quadrant,  and  Piazzi's  in  the  n.  jp.; 
and  a  moment's  consideration  would  show  that  a  line  through 
Sirius  and  a  distant  star  the  in  n./.  quadrant  could  only  ^^pass  nearly 
upon"  a  star  in  the  n,p,  quadrant,  when  the  position-angles  are 
respectively  very  near  90°  and  270°,  or  0°  and  360®.  Obviously 
these  conditions  are  not  fulfilled  in  this  case. 

I  am,  Sir,  yours  truly, 

Hopefield,  Alleyn  Park,  Geoege  HuHT. 

West  Dulwioh,  1880,  Mordi  15. 

Deflection  in  the  Path  of  a  Meteor. 

Sib,— 

In  the  *  Observatory'  you  have  lately  entertained  discussions 
on  meteors  which  were  observed  as  much  as  two  or  three  years  ago. 
I  venture  to  think,  therefore,  that  it  might  perhaps  be  worth  while 
for  me  to  mention  that  in  November  1876  I  observed  here  a  fine 
meteor,  and  mentioned  it  in  a  letter  to  *  The  Times.'  Two  other 
correspondents  from  different  parts  of  the  country  also  wrote  to 
the  same  effect. 

I  put  myself  in  communication  with  the  writers,  one  of  whom 
was  if r.  Launcelot  Sharpe,  of  St.  John's  College,  Oxford ;  and  both 
these  observers  very  kindly  sent  me  all  the  particulars  they  could, 
and  I  made  out  a  path  &c.  for  the  meteor  in  accordance  with  these 
data.  I  had  intended  to  have  sent  a  paper  on  the  subject  to  the 
Boyal  Astronomical  Society;  but  something  prevented  me,  and  I 
have  now  searched  for  it  in  vain.  But  this  one  point  came  out 
very  clearly,  and  this  is  my  excuse  for  bringing  the  thing  to  your 
notice. 

The  observations,  which  seemed  to  have  been  carefully  taken, 
were  irreconcilable  on  the  theory  of  a  straight  path  taken  by  the 
meteor,  but  pointed  out  that  its  flight  must  have  been  curvilinear 
in  consequence  of  having  been  deflected  horizontally,  and  that  when 
first  observed  it  was  nearly  moving  in  a  direction  which,  if  pro- 
jected on  the  earth's  surface,  would  have  been  W.S.W.,  but  at 
its  disappearance  was  moving  rather  northwards  of  west.    Such 
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deflection  from  the  straight  line  would  be  almost  certain  to  occur 
if  the  shape  of  the  projectile  was  irregular  or  flat-sided ;  and  it 
may  be  very  often  the  case  when  meteors  get  entangled  in  our 
atmosphere,  and  may  serve  to  explain  apparent  discrepancies  in  the 
accounts  of  different  observers. 

I  am,  Sir,  yours  truly, 
Colebyfield,  WimUedon,  F.  C.  PeKBOSB. 

March  22,  1880. 

StLggestions  to  Astronomers. 
Sib,— 

In  view  of  the  liability  of  errors  being  made  in  the  trans- 
mission of  telegraphic  announcements  of  cometary  discoveries,  of 
which  we  have  recently  had  a  surfeit,  I  beg  leave  to  offer  the  fol- 
lowing suggestions,  which,  if  adopted,  will,  I  think,  have  a  tendency 
to  give  at  least  a  clue  to  the  vicinity  of  the  comet's  position. 

1.  In  every  instance,  give  the  constellation  the  comet  was  in  at 

discovery,  and  if  near  the  boundary  of  two  constellations, 
name  both. 

2.  State  if  it  is  large  or  small,  bright,  faint,  or  very  feint.     This 

information  will  enable  one  to  decide  if  there  is  any  prospect 
of  success  in  searching  in  moonlight,  or,  in  it^  absence,  with 
small  telescopes.  Let,  say,  13  Messier  be  a  standard  of  com- 
parison for  large  and  bright. 

3.  lAs^iQ  the  dispatch  short,  by  omitting  every  thing  confusing  and 

that  does  not  assist  in  finding  it,  such  as  magnitude,  nucleus, 
tail,  seconds  of  time  and  of  arc. 
Perhaps  further  improvments  can  be  suggested ;  if  so,  after  what 
we  have  lately  endured  (liable  at  any  time  to  be  repeated),  let 
some  one  be  selected  to  decide  on  the  best  form  to  adopt. 

I  am.  Sir,  yours  respectfully, 
Eocheeter,  N.  T.,  Lewis  Swift. 

March  8,  1880. 


NOTES. 

Am^AiiS  OP  Habvaeb  College  Obseevatoet. — ^In  Vol.  xi. 
Parts  i.  and  ii.  are  given  the  important  results  of  the  photometric 
observations  made  principally  with  the  15-inch  refractor  in  the 
years  1877-79.  It  may  be  remembered  that  Prof.  Pickering  fixed 
on  this  class  of  work  as  the  most  suitable  for  his  large  equatoreal ; 
and  some  account  of  the  observations  made  was  given  in  his  annual 
reports  (c/.  *  Observatory,'  Vol.  i.  p.  408  ;  Vol.  ii.  p.  391).  Various 
forms  of  photometer  were  employed,  composed  for  the  most  part 
of  a  Double-image  prism  and  a  Nicol  prism,  so  that  two  images  of 
each  of  two  bright  objects  in  the  same  field  were  formed,  either  of 
which  by  turning  the  Nicol  could  be  made  as  faint  as  was  desirable. 
Thus  the  faint  unage  of  the  brighter  object  could  be  reduced  to 
equality  with  the  bright  image  of  the  fainter,  and  the  true  relative 


Digitized  by 


Google 


888  Nate$.  [No.  36. 

laiglitiiess  would  then  be  deduced  from  the  angle  ttoon^  wliidi 
Uie  Nicol  if  tamed. 

Photometen  A  and  B  hare  adonUe-image  and  Nicol  prism  con« 
Uned  with  an  eyepiece ;  G  is  a  similttr  «rnuigenient,  bat  without  tiie 
eyepiece,  and  is  used  without  a  teleeeope  to  compare  Saturn  and 
Mars,  and  Jupiter  and  Yenns.  In  Photometer  H  the  double-image 
prism  slides  in  a  tube  in  front  of  the  field-lens  of  the  eyepiece,  and 
thus  the  separation  of  the  images  can  be  yaried  from  o  to  64"  with 
the  1 5 -inch,  and  from  o  to  190"  with  the  5-inch  refractor  occa- 
sionally used.  For  comparing  objects  at  a  greater  angular  distance 
i^hromatic  prisms  were  placed  in  &ont  of  the  cent^  portion  of 
the  object-glass.  O  is  a  combined  spectroscope  and  photometer,  a 
direct-vision  prism  being  placed  witlun  the  principal  focus,  so  that 
the  brightness  of  different  parts  of  the  spectra  of  two  objects  can 
be  compared.  For  faint  objects  photometers  of  a  somewhat  dif * 
ferent  class  were  used«  the  &int  object  being  viewed  directly 
through  an  eyepiece  in  the  usual  way  and  compared  with  some 
bright  object,  assumed  as  a  standard,  the  light  of  which,  passing 
through  a  small  auxiliary  telescope,  was  reflected  into  the  flelcL 
In  D  the  standard  was  reduced  to  equality  with  the  &kint  object  by 
means  of  two  Nicol  prisms ;  in  £,  G  and  I  a  dii^hragm  of  variable 
aperture  (formed  by  two  sliding  V-shaped  pieces  of  brass)  was 
used  for  the  same  purpose.  To  adapt  photometer  I)  to  bright 
objects,  the  Mcols  were  removed  and  its  eyepiece  was  replaced  by 
photometer  C.     This  modified  form  is  called  F. 

The  observations  made  with  these  various  photometers  from 
1877  August  to  1879  March,  to  the  number  of  5000,  are  given  in 
order  of  date  in  Table  L,  Journal,  and  are  afterwards  discussed  in 
the  next  two  chapters. 

The  conjunctions  of  the  planets  Saturn  and  Mars,  and  Jupiter 
and  Venus,  in  1877,  afforded  a  good  opportunity  of  comparing  their 
relative  brightness.  From  600  comparisons  of  Saturn  and  Mars 
made  on  25  nights,  and  from  300  of  Jupiter  and  Venus  on  11 
nights  with  photometers  B  and  C,  without  a  telescope,  Prof. 
Pickering  finds : — 

Albedo  of  Saturn  =  4*62  x  Albedo  of  Mars, 
„  „  Jupiter  =  o*86  x  99  >,  Venus, 
allowance  being  of  course  made  for  their  different  diameters  and 
distances  from  the  Sun.  In  the  case  of  Mars  there  is  great  uncer- 
tainty respecting  the  diameter.  Le  Vender  gives  ii"*io  (at 
distance  unity),  as  deduced  from  the  Greenwich  observations ;  and 
this  value  is  used  in  the  *  Nautical  Almanac,'  'Berlin  Jahrbuch,'  and 
*  Connaissance  des  Temps.'  The  American  Ephemwis  uses  io"*io, 
based  on  the  Washington  observations  ;  and  Kaiser  finds  9"*4  horn 
good  micrometric  measures  ♦.  Prof.  Pickering  adopts  tie  inter- 
mediate value  io"*iQ,  considering  that  a  part  of  the  discrepancy 
may  be  explained  by  irradiation  and  enlargement  of  the  disk  due 

*  Le  Verrier'e  and  Kainer's  values  would  give  29"*4  and  h"*9  wtpeotivelj 
for  the  diameters  at  the  opposition  of  1877. 
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to  bad  atmospherfc  conditions.  It  b  to  be  remained  that  the 
diameter  of  Man  yaries  greatly,  ivhilst  the  irradiation  and  enlarge- 
ment remain  sensiblj  the  same  whateyer  be  the  diameter.  Thus 
they  would  have  a  larger  proportionate  effect  in  the  case  of  small 
diameters,  which  form  a  large  proportion  (A  the  G^reenwich  obser- 
vations, than  on  large  diameters,  such  as  would  be  used  by  prefer- 
ence for  micrometer  measures.  The  latter  would  also  seldom  be 
made  when  the  state  of  the  air  was  not  good,  whilst  meridian 
observations  are  often  made  under  bad  ccmditions. 

The  rest  of  the  yolimie  b  devoted  to  the  discussion  of  the 
photometric  observations  of  about  i8o  bright  double  stars,  selected 
from  Struve's  ♦  Mensur»  ndcrometriae,'  the  separate  results  being 
given  in  a  ledger  and  afterwards  collected  in  a  catalogue.  In 
these  observations  comparisons  were  also  made  of  the  bri^tuess 
through  red  and  blue  gkss,  and  of  the  red,  yeUow,  green,  blue,  and 
indigo  Ught  in  the  spectrum  formed  by  a  small  direct-vision  prism. 
In  the  case  of  double  stars  showing  a  marked  contrast  in  colour, 
such  as  fi  CassiopesB,  y  Andromed»,  and  j3  Cygni,  no  difference  was 
found  in  t^e  measurements  of  different  observers,  such  as  might 
have  been  anticipated  from  the  effect  of  personality  as  regards 
colour.  The  effects  of  aperture,  distance  of  the  images  compared, 
position-angle,  focus,  and  proximity  of  the  bright  star  are  fully 
discussed.  With  regard  to  the  last-named  source  of  error,  it  was 
found  that  a  variation  exceeding  3  magnitudes  in  the  apparent 
brightness  of  the  companion  to  a  second-magnitude  star  resulted 
from  a  change  in  the  distance  of  the  components  from  3"  to  60". 
In  deference  to  custom.  Prof.  Pickering  gives  the  probable  errors 
of  his  results ;  but  he  is  careful  to  pomt  out  in  his  preface  that 
these  are  to  be  taken  as  a  test  of  accordance  and  not  of  ccnrrect- 
ness,  when  any  undetected  systematic  errors  may  be  present. 

Amongst  other  interesting  questions,  Prof.  Rckering  has  ex- 
amined the  polarization  in  the  light  of  the  companions  of  bright 
stars,  but  has  not  hitherto  been  able  to  detect  any.  In  the  case 
of  Sinus  he  points  out,  as  the  result  of  the  photometric  determina- 
tion of  brightness,  that  if  the  companion  shines  by  reflected  light 
its  diameter  must  be  o''-5  at  least,  and  must  therefore  exceed  that 
of  the  Earth's  orbit. 

The  accuracy  attainable  in  photometric  observations  by  the 
method  of  extinction,  was  tested  by  a  series  of  measurements, 
which  show  that  a  variation  of  several  magnitudes  may  be  expected 
in  measures  by  different  persons  on  different  days,  and  that  even 
when  the  observations  are  differential,  the  residuals  are  so  large 
that  the  results  have  little  value. 

Part  i.  concludes  wii^  a  comparison  of  Struve's  magnitudes  with 
the  photometric.  Prom  this  it  appears  that  when  the  two  stars 
are  near  together  the  small  star  is  always  estimated  too  faint,  and 
that  Struve's  scale  makes  the  difference  between  consecutive  mag- 
nitudes too  smaD,  and  therefore  those  of  Herschel  and  other  obser- 
vers err  still  more  in  the  same  direction.    The  scale  adopted  by 
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Prof.  Pickering  Ib  that  of  Pogson,  in  which  o'4  is  used  as  tiie 
divisor  of  the  logarithmic  ratios  of  the  brightness,  to  obtain  the 
difference  expressed  in  magnitudes.  On  this  scale  a  star  of  anj 
ffiven  magnitude  is  2*512  times  as  bright  as  a  star  of  the  magnitude 
below,  and  100  times  as  bright  as  a  star  five  magnitudes  below* 
Thus  a  first-magnitude  star  would  be  100  times  as  bright  as  a  sixth, 
and  2*512  times  as  bright  as  a  second-magnitude  star. 

The  GBBA.T  SouTHBBif  GoHST. — ^In  the  Keport  of  the  BjL.S. 
Meeting,  p.  363  &c.,  will  be  found  a  summary  of  various  observa- 
tions of  this  remarkable  comet.  Dr.  Gould,  at  Cordoba,  first  saw 
the  coma  2'  or  3'  in  diameter  on  Feb.  4 ;  and  on  Feb.  5  Mr.  Eddie, 
at  Graham's  Town,  picked  up  the  nucleus,  a  &uiit  object  about  the 
size  of  the  ring-nebula  in  Lyra  (i|'  in  diameter).  On  Feb.  7  it 
passed  nearly  over  y  Sculptoris.  By  Feb.  23  the  comet  had  become 
so  ^nt  that  Mr.  Gill  (in  strong  moonlight)  could  not  discern  the 
least  trace  of  it.  The  following  sets  of  elements  (communicated  by 
Mr.  Hind)  have  been  computed  respectively  by  Mr.  Finlay,  U^ 
Chief  Assistant  at  the  Cape  Observatory,  and  by  Mr.  Hind  from 
Dr.  Gould's  observation  on  Feb.  4  and  from  the  rough  places  on 
Feb.  10  and  15  sent  home  by  Mr.  Gill.  For  comparison  with 
Mr.  Hind's  orbit,  the  parabolic  elements  computed  by  Hubbard  for 
the  Ghreat  Comet  of  1843  are  appended : — 


Finlay.               Hind. 

Comet  1843. 

Per.  Pass.  . . 

1880,  Jan.  27-55    Jan.  27-6o27G.M.T 

. 

Long.  Per... 

280°  16'          279°  6'-8 

278°3S'-i 

Long.  Node . 

123   245           4     1-9 

I    20 '6 

Lidination  • 

75    "             35  39  •» 

35   38-2 

Per.  Dist.  . . 

0'oo8ooi      0*0059390 

0-005511 

Motion  .... 

Direct.        Eetrc^rade. 

Betrograde. 

Sun's  radius  0*004664  (Sun's  mean  distance  =  i). 

In  a  letter  to  the  Astronomer  Boyal,  in  which  he  communicates 
these  results,  Mr.  Hind  remarks  on  the  resemblance  between  his 
orbit  for  the  comet  of  1880  and  that  for  the  great  comet  of  1843  * — 
"  Can  it  be  possible  that  there  is  such  a  comet  in  the  system  almost 
grazing  the  Sun's  surfoce  in  perihelion  and  revolving  in  less  than 
37  years?  I  confess  I  feel  a  difficulty  in  admitting  it,  notwith- 
standing the  above  extraordinary  resemblance  of  orbits."  From 
rough  places  on  Feb.  10,  13,  and  15,  Mr.  Hind  had  previously 
found  elements  somewhat  different  from  the  above.  Both  sets 
differ  in  toto  from  Mr.  Finlay^s. 

The  following  places  for  the  comet  have  been  computed  by 
Mr.  Hind  :— 

8>>G.M.T.  E.A.  N.P.D.  Log.  A. 

1880.  March  31    4*^  55*^8  98°  47'  0-2849 

April      2    ....  4   59  -6  98   22  0-2978 

4    ...•   S      3  '2  97   58  0-3104 

The  comet  is  now  probably  excessively  faint. 


Digitized  by 


Google 


1880.]  Notes.  891 

T?HB  SoLAB  BoLiPSB  OP  1880,  Jait.  II. — Mr.  Gteorge  Davidson's 
Beport,  published  in  the  *  Chicago  Tribune'  of  Feb.  20,  effectually 
disposes  of  the  statement  that  an  Intra-Mercurial  planet  was  seen 
during  the  eclipse.  Mr.  Davidson  did  not  even  look  for  VuJcan, 
as  the  sky  was  too  bright  on  account  of  the  contracted  diameter 
of  the  cone  of  shade.  Jupiter  and  Mars  were  seen ;  but  no  stars. 
Mr.  Davidson's  party  were  posted  on  the  Santa-Lucia  Station, 
5700  feet  above  the  sea,  and  were  provided  with  a  6|-inch  and  a 
3-inch  equatoreal,  besides  smaller  telescopes.  Prof.  IVisby,  of 
Washington  Observatory,  occupied  the  same  station  for  inde- 
pendent work.  The  four  contacts  were  observed  and  the  corona 
sketched,  as  well  as  the  brighter  circle  concentric  with  the  Sun  and 
the  prominences.  During  the  progress  to  totality  the  Moon's  disk 
was  remarked  to  be  perceptibly  darker  than  the  sky  adjacent  to 
the  Sun's  disk,  yet  unobscured  (t.  e.  the  Sun's  corona  was  perceived 
during  the  partial  phase).  During  totality  the  concentric  circle  of 
bright  white  light  round  the  Sun  was  very  strildng;  and  Mr. 
Dickins  sketched  a  second  but  fainter  concentric  circle.  '*  The 
corona  had  the  general  form  of  a  parallelogram,  with  the  angles 
prolonged  in  the  direction  of  the  longer  sides,  and  stretched  at  an 
angle  of  about  30°  with  the  vertical  from  the  upper  left  to  the 
lower  right  of  the  Sun."  Mr.  Davidson  remarks  that  this  '<  edipse 
is  another  confirmation  of  the  theory  that  the  exhibition  of  Baily's 
beads,  the  ligament  and  black  drop  in  the  transits  of  Mercury  and 
Venus,  the  hanging  of  a  coloured  star  on  the  Moon's  bright  disk 
at  occultation,  and  similar  phenomena  are  the  consequences  of 
atmospheric  disturbances  occasioned  by  irregularities  &c.  of  refrac- 
tion." He  adds  that  this  view  has  been  strongly  controverted. 
According  to  his  own  statement,  *'  there  was  no  distortion  from 
atmospheric  disturbance  "  on  this  occasion ;  and  the  breaking  of 
tiie  last  line  of  sunlight,  from  30°  to  40°  in  length,  "  was  on 
account  of  the  lunar  irregularities  of  sunlight,  and  presented  the 
appearance  of  a  line  of  irregular  dots,  dashes,  and  spaces."  This 
account  appears  to  agree  with  the  usual  descriptions  of  Baily's 
beads ;  and  the  appearances  seen  by  Mr.  Davidson  would  seem  to 
have  been  due  to  irregularities  on  the  Moon's  limb,  in  accordance 
with  the  ordinary  explanation,  and  not  to  atmospheric  disturbance. 


A  mew  AsTBOiroHiOAL  Eevtew. — ^We  have  received  the  first  two 
numbers  of  *  Ciel  et  Terre,'  a  bi-monthly  popular  review  of  Astro- 
nomy and  Meteorology,  edited  by  members  of  the  staff  of  the 
Brussels  Observatory.  No.  1  contains  the  following  articles : — 
"La  Gonqudte  de  I'Heure,"  by  J.  C.  Houzeau;  "Les  Grands 
Frdds  de  D^mbre  1879,"  by  A.  Lancaster;  **L'Analyse  speo- 
trale,"  by  C.  Fievez ;  "  Le  del  pendant  le  mois  de  Mars  1880,"  by 
L.  Niesten;  *'Eeviie  M^t^rologique  de  laQuinzaine"  (with  a  plate), 
by  J.  Vincent ;  besides  *'  Notes  '^and  "  Bibliographie."  No.  2  con- 
tains : — **  Histoire  duThermom^tre,"  by  G.  Hooreman ;  '*  La  vitesse 
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de  la  Lumi^re  et  la  Farallaxe  da  Soleil,''  bj  L.  Niesten ;  *'  La  Mer 
et  866  Prof ondeurs  "  (with  a  plate),  by  F.  Van  Bjsselbergbe  ;  "  Sur 
la  Vitesse  du  Vent,''  by  C.  Lapprange ;  "  Le  Specti^  Solaire,"  by 
C.  Fievez ;  "  Bevue  M^t^dogique  de  la  Quinzaine,''  by  J.  Vincent ; 
"  Notes  "  and  "  KbHographie." '  Tbis  last,  eontribated  by  A.  Lan- 
caster, will  be  found  rery  osef ol,  as  it  gives  the  titles  of  the  papers 
on  astronomy  and  meteorology  which  hare  appeared  in  the  course 
of  the  month  in  ttie  various  scientific  publications.  *  Ciel  et  Terre' 
is  intended  to  popularize  astronomy  and  meteorology,  and  the  two 
opening  numbers  are  all  that  could  be  desired  for  this  object.  Its 
connexion  with  the  Brussels  Observatory,  which,  under  M. 
Houzeau's  directoi*8hip,  has  shown  so  much  activity  in  various 
branches  of  astronomy,  may  be  taken  as  a  guarantee  of  its  perma- 
nent success.  Each  number  contains  24  pages,  and  the  annual 
subscription  (24  nos.)  is  fixed  at  10  francs  (including  postage)  for 
Great  Britain  and  other  countries  in  the  postal  union.  Subscript- 
tions  should  be  sent  to  M.  C.  Hooreman,  Bue  du  Gadran  lOyk  St. 
Josse-ten-Noode,  Belgium.     ^ 

CAMBEinoi  OBSBETATioirn,  1861*1865. — ^Vol.  xii.  of  the  Cam- 
bridge Observations,  made  under  the  superintendence  of  Prof. 
Adams  in  the  years  x86i-'i865,  has  lust  been  published.  It  con- 
tains for  each  year  the  Transit  and  Mural-Grde  observations  in 
order  of  date,  giring  aD  the  necessary  particulars  for  their  reduction, 
admirayy  arranged  in  a  very  compact  form,  ledgers  of  B.A.  and 
N.P.D.,  showing  the  separate  results  for  each  star^  and  a  yearly 
star^catalogoe — results  of  observations  of  the  Sun  and  planets 
and  determination  of  the  position  of  the  ediptic^-occultations  of 
stars  by  the  Moon — and  oteervations  of  comets  with  the  NOTthum- 
berland  Equatoreal  and  of  Mars  in  1862.  In  the  introduction 
are  given  the  various  instrumental  corrections  and  fonnulss  and 
tables  used  in  the  reductions.  The  most  troublesome  of  these 
corrections  is  that  for  irregularity  in  the  form  of  the  pivots  of  the 
transit;  and  great  care  seems  to  have  been  taken  to  determine  the 
deviations  from  circularity  by  means  of  a  dot  placed  on  each  pivot. 
In  1865  Professor  Adams  made  a  fresh  exammation  of  the  errors 
from  this  cause,  and  the  results  are  exhibited  by  means  of  curves. 
A  glance  at  these  shows  that  the  greatest  deviations  occur  nearly  in 
the  positions  in  which  the  instrument  has  been  most  frequently  used. 
The  transit-instrument  has  since  been  replaced  by  the  new  TVansit- 
Cirdoy  which,  it  may  be  hoped,  is  not  alEected  with  any  large  pivot- 
errors.  

Two  KEw  Minor  Planets  have  been  discovered,  viz.  No.  214  by 
M.  Paiisa,  at  Pola,  on  March  x,  and  Ko.  215  by  Prof.  Peters,  at 
Clinton,  New  York,  on  March  18. 

pBOV.  Valshtuusa  announces  that  the  Observatory  of  the  Glrand 
Duchy  of  Baden  has  been  moved  from  Mannheim  to  Carlsruhe. 

Editor. 


Digitized  by 


Google 


1880.] 


Astronomical  Memoranda. 


893 


Astronomical  Memoranda,  1880^  April. 

Stm.  April  1,  iets  6^  31",  rises  17^  34";  April  15,  sets  6^  55", 
rises  17*  3";  May  i,  sets  7**  21"",  rises  16*  31"*. 

Equation  of  time: — Sun  after  Clock,  Apnl  i,  3™  47';  April  11, 
o"  56*5  before,  April  21,  i"  26";  May  i,  3™  5". 

Sidereal  Time  at  Mean  Noon: — ^April  i,  o^  4o™*9 ;  April  11, 
i^  2o"-3 ;  April  21,  I**  59"7 ;  May  i,  2**  39»-2. 


Moon. 

rlaet. 

h 

m 

Apr. 

I. 

.14 

IS 

3. 

.14 

SO 

3- 

•IS 

17 

4. 

•15 

37 

5- 

<iS 

56 

6. 

.16 

13 

7. 

.16 

28 

8. 

9- 

'.    tOs. 

10. 

.  8 

18 

sei 

Is. 

h 

m 

II. 

•   9 

28 

12. 

.10 

32 

13. 

.11 

31 

14. 

.12 

20 

15- 

.13 

I 

16. 

.13 

34 

17. 

.14- 

I 

18. 

.14 

23 

19. 

.14 

40 

20. 

.14 

59 

sets. 

h       m 

Apr. 

21. 

.15      16 

22. 

.15     3S 

23. 

.IS     54 

24 

rises. 

25- 

.   8     44 

26. 

.10       5 

27. 

.11     15 

28. 

.12     II 

29. 

.12     51 

30. 

.13     21 

Last  Quarter,  April  1,  18^  13";  New,  Anril  9,  3'*  7";  First 
Quarter,  April  17,  7^  14" ;  Full,  April  24,  10^  50". 

Merewry  is  a  morning  star  in  Pisces,  at  greatest  elongaticai 
(26°  57'  W.)  on  April  25,  when  he  rises  i^KWit  35**  before  the  Sun. 

Apr.  IS,  BA.  o'*  9*7,  Dec.  o*'  22'  S.,  tr.  22**  32"^,  rises  16^  30"^ 
Miy    I,  10  7,  3   16  N.,      22    22  16     o 

Venus  is  a  morning  star  in  Pisces,  rising  about  half  an  hour 
before  the  Sun.  The  illuminated  portion  of  the  disk  is  0-916  on 
AprQ  15,  and  0*961  on  May  15,  mi  the  corresponding  diameters 
io"*9  and  io"'2. 

Apr.    I,  fe.A.  2S^   7~*o,  Dec.  f    6'  S.,  tr.  22^*  27",  rises  16^  57" 
Apr.  15,  o  10  '5,  o  s^  S.,       22   35  16  30 

May    If  I  22  '8,  7     4  N.,      22   44  16     2 

Mars  is  an  evening  star  in  Gbmini. 

Apr.  I,  B.A.  s""  3S»-o,  Dec.  25°    5'  N.,  tr.  4**  54",  sets  13'*  23" 
l&y  1,  6  50  -6  24  33  N.,       4  11  12  35 

Jupiter  is  a  morning  star  in  Pisces,  rising  shortly  before  the  Sun. 
There  are  no  phenomena  of  the  Satellites  visible  at  Greenwich. 

Apr.    I,  E.A.  o*^   o*-5,  Dec.  i**    7'  S.,  tr.  23*  17",  rises  17*  i8» 
Apr.  IS,  o   12  7  oil  N.,       22  34  16  29 

May    I,  0   26  'o  1   36  N.,       21   44  IS   3' 
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Satwm  is  in  oonjunctioii  with  tHe  Sun  on  April  7. 

Apr.    1,  E.A.  I**    9»-4,  Dec.  4°  57'  N.,  tr.  o^   29" 
Apr.  IS,  I     16  -o,  5    37   N.,        23  37 


6    21   N.,       22  41  rises  16^5" 


May     I,  I    23  '3, 

Uranus 

Apr.  I,  E.A.  10**  3o»-6,  Dec.  10°  14'  N.,  tr.  9^  48" 
May  I,  10   28  '2,  10   27  N.,       7    48 


Phenomena^ 


Apr.  7 
II 
14 


G.M.T. 

h      m 

Saturn  d  Q. 
27  47  Ariet.  Oc.  D.  122° 


17 

7 


IS    14 


16 


8  38  i2iTauriOc.D.  51° 
1 8        Mercury  d  Venus^ 
Mercury  19'  N. 
Yenus  d  Jupiter^ 
Venus  30'  S. 
10  43  56  Gbmin.  Oc.  D.  26^ 
12  48  61  Gemin.  Oc.  D.  76^ 


Apr.  17 


ailT. 
h    m 


May 


21 

28 


21 


12 


10  58  f  Cancri.  Occnltation 
near  approach  157^ 
Mercury  d  Jupii&r^ 
Mercury  48'  8. 
10  «Leoms  Oc.  D.  72°. 
9        Mercury  elongation 

26^  57'  W. 
16  57  26  Sagitt.  Oc  E,  223°. 
3         Venus  6  Saturn^ 
Venus  47'  N. 

^  The  angles  are  reckoned  from  the  appareni  N.  point  towards  the 
right  of  the  Moon's  inverted  image. 

Conjunctions  of  four  of  the  Planets, — ^Mercury,  Venus,  and  Jnpiter 
will  be  very  close  together  in  Pisces  on  the  mornings  of  April  1 5, 
16,  17,  and  18  (civil  reckoning);  and  Saturn  will  be  within  20° of 
them,  as  will  be  seen  from  the  B.A.  and  Dec.  given  above  for  the 
several  planets  on  April  15,  and  from  the  respective  conjunctions 
of  Mercury  and  Venus  (April  14,  18^),  Venus  and  Jupiter  (April 
15,14**),  and  Mercury  and  Jupiter  (April  17,  21^)  given  in  the 
"  Phenomena."  On  May  i  Venus  is  in  conjunction  with  Saturn, 
Mercury  is  about  6°  distant,  and  Jupiter  about  20°.  The  Planets  ' 
rise  only  about  half  an  hour  before  the  Sun.  £h)iTOB. 

Publications  received : — ^Prof.  Lewis  Boss,  Declinations  of  Fixed 
Stars  (U.S.  Northern  Boundary  Commission,  Appendix  H) — ^Prof. 
D.  Kirkwood,  The  Cosmogony  qf  Laplace — Oh.  Fievez,  V Intensity 
relative  des  raies  spectrales  de  V Hydrogens  et  de  V Azote  (F.  Hayez, 
Bruxelles,  i88o)--H.  A.  Howe,  Three  approximate  Solutions  of 
Kepler^s  Problem  (Cincinnati Society  of  Natiural  History) — H.Pratt, 
On  the  Rotation  Period  of  Jupiter  Q  Monthly  Notices '  E.  A.  S.  1880, 
Jan.) — Cid  etTerre,  Eevue  populaire  d' Astronomic  et  de  M^t^rologie, 
Nos.  I  and  2  (F.  Btayez,  Bruxelles,  1880,  March  i  and  15) — Science 
Observer,  No.  25  (Boston  Scientific  Society,  JJ, 8.)— American  Journal 
of  Science,  1880,  March  (J.  D.  and  B.  S.  Dana,  New  Haven,  Conn.) 
— Poptdar  Science  Monthly,  1880,  March  (D.  Appleton,  New  York) 
— Kansas  City  Review,  1880,  March — The  Analyst,  1880,  March 
(Des  Moines,  Iowa) — Sirius,  1880,  February  (Leipzig).      Editoe. 


Digitized  by 


Google 


THE    OBSERyATORY, 

A   MONTHLY   EEVIEW   OF   ASTRONOMY. 

No.  87.  MAY  1.  1880 

MEETINa  OP  THE  EOTAL  ASTEONOMICAL  SOCIETT, 

Friday,  iSSo,  April  9. 

Ediok  DumoN,  F  JI.S.,  Viee-PresicUnt,  in  the  Chair. 

Secretaries :  W.  H.  M,  Chbibtis,  M.A.,  and 
J,  W.  L.  Glaishbb,  M.A.,  F.E.S. 

The  Minutes  of  the  preyious  Meeting  were  read  and  confirmed. 

Mr.  Chambers,  Would  you  kindly  oblige  me,  Sir,  with  an 
official  answer  as  to  the  decision  of  the  Council  on  the  requisition 
which  I  have  handed  in  as  to  the  proposed  alteration  in  the  bye- 
laws  ?  tj^ 

The  Chairman.  The  requisition  was  laid  before  the  Council  at 
their  Meeting,  not  to-day,  but  in  March  last,  and  the  Council,  by 
a  majority,  declined  then  to  proceed  any  further  in  the  matter.  A 
motion  was  proposed  by  the  Foreign  Secretary  that  the  question 
be  referred  to  a  Select  Committee,  and  that  motion  was  lost. 

Mr,  Chambers,  I  consider  that  an  answer  which  is  not  quite 
satisfactory  to  the  five  Fellows.  May  I  further  ask  if  it  is  com- 
petent to  me  to  give  notice  of  a  Special  Meeting  to  consider  the 
question  in  June  ?  Or  what  would  be  the  proper  step  to  take 
under  the  bye-laws,  for  it  is  not  very  clear  ? 

The  Chairman,  Perhaps  in  answer  to  Mr.  Chambers  I  may 
read  the  bye-law  referring  to  this.  It  says  : — "  Any  five  Fellows 
not  being  on  the  Council  may  recommend  the  adoption  or  rejection 
of  any  measure,  or  the  adoption,  repeal,  or  alteration  of  any  b^e- 
law  to  the  Council  by  a  letter  addressed  to  one  of  the  Secretanes, 
Such  recommendation  the  Council  shall  take  into  consideration  at 
their  next  Meeting ;  and  if  their  decision  be  not  satisfactory  to 
the  Fellows  proposing  the  recommendation,  the  Council,  if  required 
by  them,  shall  bring  forward  the  same  for  the  opinion  of  the  Society 
TOL.  in.  2f 
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at  large,  at  a  Special  General  Meeting  to  be  held  for  that  purpose, 
and  which  they  are  hereby  required  to  convene  within  one  month 
after  such  requisition/' 

Mr,  Chambers,     Would  you  kindly  read  bye-law  No.  55  ? 

The  Ohenrman.  "  No  new  Bye-law,  nor  alteration  or  repeal  of 
any  existing  Bye-law,  shall  be  brought  forward  at  any  Meeting  of 
the  Society  except  in  the  manner  directed  in  this  and  the  preceding 
Section,  unless  one  month's  previous  notice  thereof  shall  have  been 
given  to  the  Council  agreeably  to  the  Charter." 

Mr,  Chambers,  What  I  do  not  understand  is,  how  I  am  to 
proceed  if  I  wish  to  do  so.  These  two  bye-laws  seem  to  be  con- 
tradictory. In  the  one  case  I  am  to  give  a  month's  notice,  and  in 
the  other  case  you  are  to  convene  a  Meeting  within  a  month. 

The  Chairman,  The  bye-laws  seem  certainly  to  need  revision 
on  many  points ;  but  I  have  no  doubt  the  strict  law  of  the  case  is 
that  if  these  five  gentlemen  who  signed  the  requisition  are  not 
•satisfied  they  can,  by  this  latter  bye-law,  compel  the  Council  to 
call  a  Special  General  Meeting  within  one  month  after  the  request 
is  made. 

Mr,  Chambers.  Then  I  take  it  that  five  weeks'  notice  before  tiie 
June  Meeting  would  enable  the  Council  to  fix  a  Specii^  General 
Meeting. 

The  Chairman,  I  should  think  that  would  be  quite  correct ; 
but  it  would  be  necessary  for  the  five  gentlemen  who  signed  the 
requisition  to  do  that. 

Mr,  Neison,  Perhaps  it  is  rather  informal,  but  still  I  think  it  a 
matter  of  imnortance.  If  I  understood  Mr.  Chambers's  requisition 
properly,  it  did  not  call  upon  the  Society  to  summon  a  General 
Meeting,  it  was  merely  a  recommendation  to  the  Council  to  adopt 
a  certain  measure ;  and  therefore  if  he  wishes  to  have  a  General 
Meeting  summoned  it  will  be  necessary  to  have  a  requisition  for- 
mally (»lling  upon  the  Council  to  summon  a  Meeting  to  take  into 
consideration  the  question  of  the  alterations  in  the  bye-laws.  If 
my  memory  serves  me  aright,  the  requisition  handed  in  was  not 
for  that  purpose,  but  merely  recommended  the  Council  to  revise 
the  bye-laws.  It  was  not  such  a  request  as  is  contemplated  in  the 
bye-laws. 

Mr.  Barrow,  1  might  perhaps  make  a  remark  upon  that.  The 
difficulty  seems  to  be  this,  in  the  minds  of  some  of  the  authorities 
present,  that  Mr.  Chambers's  requisition  was  not  in  accordance 
with  the  bye-laws  because  it  did  not  specify  any  particular  measure 
which  it  required  the  Council  to  adopt ;  but  me  requisition  was 
merely  to  take  into  consideration  the  adoption  of  some  measure, 
without  specifying  what ;  and  it  seems  to  be  the  opinion  of  a  good 
many  Members  of  the  Council  that  the  requisition  was  not  sufficient 
in  that  respect.  The  very  circumstance  that  we  are  discussing 
this  matter  to-night,  involving  as  it  does  the  question  of  the  bye- 
laws,  seems  to  me  to  be  pretty  clear  evidence  that  some  alteration 
or  revision  of  the  bye-laws  is  very  strongly  required. 
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Mr.  Clumberi.  I  do  not  wish  to  prolong  the  discussion  at  the 
present  moment,  but  I  think  Mr.  Neison  has  rather  misapprehended 
me.  I  have  banded  in  a  requisition  duly  signed  to  the  Council  to 
do  something  which  I  thought  was  very  clear  and  explicit,  viz.  to 
revise  all  the  bye-laws.  The  Council,  in  their  judgment,  have 
decided  not  to  adopt  that  request ;  and  now  I  propose,  if  others 
will  join  me,  to  follow  up  that  requisition  in  terms  of  the  bye-laws 
by  a  new  requisition  in  terms  of  the  bye-laws,  asking  for  a  Special 
General  Meeting  in  terms  of  the  bye-laws. 

Mr,  Neison.     That  is  right. 

Mr.  Banyard.  I  think  also  in  the  Special  Notice  you  must 
specify  the  bye-law  which  you  wish  particularly  to  have  altered. 

Mr.  Christie  announced  that  74  presents  had  been  received  since 
the  last  Meeting  of  the  Society,  including  a  rare  book,  Marinonius 
*  De  Astronomic^  SpeculA '  (Vienna),  presented  by  Mr.  Knobel ;  also 
Cataldi's  *  Fratica  Arithmetica,'  presented  by  Lord  Lindsay ;  a  fine 
photograph  of  the  Moon  by  Mr.  Common ;  and  also  an  instrument 
called  a  ^'  Cometarium,"  presented  by  Mrs.  Jackson-Gwilt. 

The  thanks  of  the  Meeting  were  presented  to  the  respective 
donors. 

Mr.  Olaither  read  a  ^'  Note  on  a  Precessional  Globe,''  by  E.  H.  M. 
Bosanquet, 

Also  a  paper  by  Dr.  Nicholas  de  Konkoly,  of  0-Qyalla,  Hungary, 
containing  a  list  of  410  radiants  of  shooting-stars  deduced  from 
observations  in  Hungary  from  1871  to  1878,  and  80  probable 
radiants  deduced  from  the  410  radiants.  The  auth<»r  mentioned 
that  the  calculation  of  410  radiants  was  founded  on  3000  observa- 
tions of  meteors;  and  of  those  3000  observations  only  1600  were 
actually  employed  in  determining  the  radiants.  The  rest  of  ike 
paper  consisted  main^  of  tabular  matter. 

Also  another  paper,  **  On  Meteors  observed  during  a  voyage  from 
London  to  Melbourne  and  back,  1879  July  to  1880  March,"  by 
Mr.  D.  W.  Barker^  second  officer  on  board  the  ship  *  Superb,'  com- 
municated to  the  Society  by  Captain  Toynbee. 

TTu  Mtronomer  Boyal  read  a  paper  "  On  the  Theoretical  Yaloe 
of  the  Acceleration  of  the  Moon's  mean  motion." 

Perhaps  before  entering  on  this  I  might  make  allusion  to  some 
matters  which  have  no  connexion  with  this  subject.  In  the  first 
place,  at  the  Anniversary  Meeting  of  the  Society,  I  was  absolutely 
prevented  by  illness  from  attendance,  or  else  I  should  have  been 
very  glad  indeed  to  have  adverted  to  the  account  of  Solar  Eclipses 
published  by  the  Society  under  the  care  of  Mr.  Banyard,  and  to 
say  that  I  think  it  does  honour  to  the  Society  and  to  Mr.  Banyard. 
The  next  thing  is  that  I  had  the  great  advantage  this  afternoon  of 
seeing  the  present  which  has  been  made  by  a  Member  of  the 
Council  to  the  Society,  of  a  book  on  the  state  of  the  instruments 
in  the  Vienna  Observatory  in  the  reign  of  Maria  Theresa.  I  look 
upon  that  as  very  valuable,  as  occurring  at  a  critical  point  when 
the  great  change  in  modem  Astronomy  was  just  begun,  when  the 
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excellence  of  the  clocks  made  bj  Graham  enabled  Astronomers  to 
determine  the  intervals  of  right  ascension  by  observation  of  time 
instead  of  determining  them,  as  they  were  determined  by  Tycho 
and  Flamsteed,  by  spanning  the  distance  from  one  star  to  another 
all  round  the  sphere.  Having  passed  over  these  things,  which 
have  nothing  to  do  with  my  present  object,  I  will,  if  you  please, 
proceed. 

The  subject  is  "  On  the  Theoretical  Value  of  the  Acceleration  of 
the  Moons  mean  motion  in  longitude  produced  by  change  c^ 
eccentricity  of  the  Earth's  orbit.** 

The  Astronomer  Boyal  then  read  his  paper,  in  which — after  ad- 
verting to  his  new  method  of  treating  the  Lunar  Theory  by  apply- 
ing to  the  numerical  coefficients  found  by  Delaunay  small  numerical 
corrections  so  that  the  differential  equations  of  motion  should  be 
perfectly  satisfied — he  explains  how  he  has  applied  the  same  form 
of  investigation  to  the  examination  of  the  effects  of  introducing 
small  forces  not  contemplated  in  the  original  theory.  These  small 
forces  may,  in  some  instances,  depend  on  geometrical  considerations 
(as  in  the  effect  of  the  Earth's  oblateness),  or,  in  other  cases,  they 
may  depend  on  the  time  (as  in  the  slow  change  of  solar  energy 
producing  the  secular  acceleration  of  the  Moon).  In  any  case  <£e 
small  corrections  or  variations  must  be  so  small  that  their  squares 
and  higher  powers  may  be  neglected. 

A  stetement  is  then  given  of  the  units  employed  in  the  theoiy 
and  of  the  lunar  inequalities  depending  on  the  eccentricity  and 
inclination  of  the  Moon's  orbit,  which  it  has  not  been  necessary  to 
consider  in  this  special  investigation.  Taking  the  radial  and  tan- 
gential disturbing  forces  P  and  T,  a  "  Factorial  Table  "  has  been 
prepared,  exhibiting  in  a  symbolical  form,  as  factors  of  the  variations 

of  -  and  V*,  the  values  of  the  forces  F  and  T  which  can  produce  an 

assigned  geometrical  disturbance.  The  object,  however,  is,  by  a 
reversal  process,  to  find  the  geometrical  disturbances  corresponcLiig 
to  an  assigned  external  force.  In  forming  these  equations,  the 
variations  of  the  Earth's  and  Sun's  attractions,  depending  on  the 
change  of  the  Moon's  place  produced  by  the  distiurbance,  are  accu- 
rately taken  into  account. 

Taking  the  mean  parallaxes  of  the  Sun  and  Moon  as  8"'9i  and 
3422"'3,  the  following  values  are  obtained: — 

Mean  tangential  disturbing  force  at  epochs  —  •008284  sin  2D ; 
Mean  radial  disturbing  force  at  epoch  3=  +'002683 +-008245  c<>8  2D 

(where  D  is  Moon's  mean  longitude  —  Sun's  mean  longitude);  and 
supposing,  in  progress  of  time,  the  solar  energy  which  produces 
these  forces  to  change  from  i  to  i+6<,  the  corresponding  new 
supplemental  forces  are  these  expressions  multiplied  by  hi. 

Complex  equations  are  then  formed,  connecting  these  supple-> 

*  r  being  the  Moon's  radius  vector,  and  v  her  true  longitude. 
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mental  forces  with  the  corresponding  variations  of  -,  v,  and  -jr;  and, 

in  order  to  solve  them,  a  form  is  carefully  selected  for  ^  -  and  ^v, 

based  on  considerations  which,  it  is  apprehended,  are  far  more 
general  than  any  that  have  been  considered  before,  terms  depending 
on  the  change  of  the  argument  of  the  **  Variation,"  which  result 
from  the  secular  acceleration  being  introduced,  as  well  as  terms 
depending  on  a  change  in  the  "Variation  "  proportional  to  the  time. 

The  value  thus  deduced  for  the  secular  acceleration  of  the  Moon's 
mean  motion  is  io"'i477;  and  it  is  remarked  that  this  numerical 
value  is  founded  on  the  assumed  numerical  value  of  the  solar 
parallax,  depending,  in  fact,  on  the  inverse  cube  of  the  parallax. 
If,  for  instance,  the  parallax  be  diminished  by  i-6oth  part,  the 
acceleration  will  be  diminished  by  i-2oth  part. 

The  Astronomer  Royal  continued  : — That  is  the  state  in  which  I 
present  the  results  to  the  Society.  I  think  that  this  is  the  toughest 
question  I  ever  had  in  my  life.  It  has  occupied  me,  in  one  shape 
or  other,  for  many  years — sometimes  attacking  it,  sometimes  re- 
pelled by  it,  and  sometimes  adhering  to  it  for  months  together.  It 
IS  the  most  slippery  thing  that  I  ever  laid  my  hands  upon ;  but  I 
have  got  a  grasp  upon  it  at  last ;  and  I  have  not  the  least  doubt  of 
the  perfect  accuracy  of  it.  I  would  not  otherwise  have  presented 
it  to  the  Society.  I  need  not  say  that  the  matter  in  which  I  have 
been  engaged  is  a  matter  of  great  importance,  more  especially  in 
distant  chronology.  The  total  solar  eclipses  of  former  times  de- 
pend entirely  upon  this  small  quantity ;  and  I  think  that  in  this 
investigation,  which  has  cost  me  so  much  pains,  I  have  worthily 
bestowed  time  and  trouble  to  give  a  little  certainty  to  that  point. 
(Applause.) 

Mr,  Stone,  Some  years  ago  I  worked  out  this  question  for  my 
own  satisfaction,  not  quite  on  the  lines  on  which  Prof.  Adams  has 
worked  it,  but  taking  the  differential  equations  of  motion.  I  got 
Adams's  value ;  but,  as  the  Astronomer  Eoyal  says,  it  is  undoubt- 
edly a  very  slippery  subject  indeed.  It  is  impossible  to  follow  the 
details  of  his  work  from  hearing  it  read ;  but  I  am  quite  sure  upon 
one  point,  that  we  shall  all  agree  in  our  admiration  of  the  energy 
and  skill  which  the  Astronomer  Eoyal  has  displayed  in  this  investi* 
gation.  He  began  life  as  an  astronomer,  with  theoretical  investi- 
gations in  planetary  theories,  making  one  of  the  most  brilliant 
discoveries  ever  yet  made.  His  time  for  many  years  appears  to 
have  been  absorbed  in  the  great  work  of  directing  the  Greenwich 
Observatory,  and  reducing  planetary  observations  and  lunar  obser- 
vations. Now  towards  the  close  of  his  life  we  see  him  engaged 
in  a  great  investigation,  and  carrying  it  on,  we  hope,  to  a  success- 
ful conclusion. 

I  cannot  find  words  sufScient  to  express  my  admiration  at  the 
course  which  he  has  adopted.  I  can  only  hope  that  it  will  lead  to 
a  successful  conclusion.    (Applause.) 
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Th^  Chairman.  After  the  very  interestiiig  remarks  of  Mr.  Stone, 
you  will  all  agree  with  me  in  returning  your  thanks  to  the  Astro- 
nomer Eoyal  for  his  most  valuable  paper,  which  I  know,  from  my 
knowledge  of  him,  has  taken  him  a  yery  long  time  to  prepare,  and 
I  hope  that  he  will  be  rewarded  at  last  by  producing  a  result  which 
will  receive  the  confidence  of  astronomers  generally. 

Mr.  Nelson.  If  I  imderstand  Sir  George  Airy  aright,  it  practi- 
cally amounts  to  this,  that  when  the  subject  is  treated  in  the 
manner  he  has  laid  before  us,  it  shows  that  Prof.  Adams,  M.  De- 
launay,  Prof.  Cayley,  and  others  have  omitted  something  from 
their  investigations,  and  that  their  results  are  imperfect ;  and  that 
M.  Le  Verrier  (who  took  the  opposite  view  to  Prof.  Adams  and 
M.  Delaunay)  was  right.  We  oiJy  hope  that  Prof.  Adams  will  go 
over  his  investigations,  from  the  point  of  view  indicated  by  Sir 
George  Airy,  and  let  us  know  what  results  he  comes  to, 

T?ie  Attronomer  Royal.  I  am  sure  I  join  in  the  hope  that  that 
will  1)e  done ;  for  it  is  a  question  of  very  serious  investigation. 
Perhaps  I  may  say  that  I  had  attacked  the  problem  in  at  least  six 
different  methods,  and  I  have  found  myself  baffled  in  one  after 
another,  until  at  last  I  resorted  to  this,  which  was  not  known  to 
me  in  the  first  instance,  namely,  the  application  of  the  factorial 
table  which  I  have  described ;  and  even  m  that,  difficulties  seemed 
to  come  on  time  after  time,  until  at  last  I  p^reived,  five  days  ago, 
that  those  difficulties  were  overcome  by  a  particular  assumption. 
In  that  very  last  term,  analogous  to  the  constant  in  the  solution 
of  a  differential  equation,  which  expresses  a  sort  of  permanent 
disturbance  of  the  quadrantal  equations,  amounting,  I  believe,  to 
a  fraction  of  an  inch,  or  somethmg  like  that,  a  difference  in  the 
form  of  the  assumption  set  all  right.  But  all  the  preceding  terms, 
as  will  be  seen,  were  absolutely  adopted  upon  careful  consideration 
of  what  should  be  expected  under  the  drcunistances,  and  upon 
that  were  founded  the  true  coefficients ;  but  I  could  hardly  trust 
the  evidence  myself  when  I  saw  how  small  a  matter  set  all  right. 
(Applause.) 

Mr.  Christie  read  a  paper  on  "  Observations  of  the  great  Southern 
Comet,"  by  Mr,  Ellery  of  Melbourne,  in  which  he  says,  "  The  comet 
whose  appearance  I  announced  to  you  by  last  mail  was  observed 
from  the  9th  to  the  17th  of  February" — ^and  gives  the  deduced 
E.A.  and  N.P.D. 

Also  a  paper  by  Mr.  Russell,  giving  an  account  of  the  comet  as 
observed  at  the  Sydney  Observatory. 

Mr.  Christie  further  said  (in  reply  to  an  inquiry)  : — ^We  have  re- 
ceived no  communicatiou  whatever  from  Mr.  Gill  for  the  Society. 

I  am  very  sorry  that  our  President  is  obliged  to  be  absent  to- 
night, as  he  might  have  given  us  some  valuable  information  on  the 
subject  of  this  comet.  I  have  received  some  very  interesting  letters 
from  him,  and  perhaps  I  may  give  some  idea  of  the  substance  of 
them  to  the  meeting.  Mr.  Hind  has  worked  out  the  orbit  of  this 
comet,  and  found  a  remarkable  resemblance  between  its  elements 
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and  those  of  the  great  comet  o{  1843.  He  has  treated  the  question 
&om  seyeral  points  of  view,  using  observations  by  Dr.  Gould  on 
Eeb.  4,  and  by  Mr.  Ellery,  as  well  as  the  rough  places  sent  over  by 
Mr.  Gill  to  the  Astronomer  Boyal,  and  in  each  case  gets  elements 
sensibly  the  same  as  those  of  the  Comet  of  1843.  Prof.  Weiss,  of 
Vienna,  has  also  discussed  the  matter.  He  has,  from  the  elements 
of  the  1843  comet,  computed  the  positions  on  tiie  assumption  that 
the  penhdion  passage  would  be  on  January  27*6  this  year;  and, 
computing  the  pla^  for  its  appearance,  he  finds  a  very  clo£0 
agreement  with  Mr.  GilFs  rough  places — that  is  to  say,  as  close  as 
we  can  answer  for ;  for  it  must  be  remembered  that  those  places  are 
only  given  to  minutes  of  time  and  minutes  of  arc,  so  that  we 
cannot  answer  for  small  quantities. 

I  have  a  letter  which  Mr.  Hind  wrote  to  me,  which  I  will  read 
to  the  Meeting,  as  he  is  not  here  to  speak  on  the  subject  himself. 
He  says  : — "  Prof.  Winnecke,  judging  from  a  comparison  of  the 
places  deduced  from  the  orbit  of  the  great  comet  of  1843  ^^^ 
Gould's  position  on  Feb.  4,  and  Gill's  later  rough  ones,  appears  to 
be  of  opinion  that  the  identity  of  the  comets  of  1843  and  1838 
hardly  admits  of  a  doubt.  He  also  suggests  that  it  might  be 
worth  while  to  search  for  the  manuscript  observations  of  the 
Comet  of  1695  at  the  Dep6t  de  la  Manne,  Paris,  upon  which 
Burckhardt  founded  an  orbit  very  different  from  that  of  Comet  1 843, 
since  J  (i 843-1 695)  gives  for  a  period  a  close  approximation  to 
the  interval  1843- 1880.  ^^t  I  think  I  am  able  to  say  with  con-- 
fidenoe  that  the  elements  of  Comet  1843  *re  quite  incompatible 
with  the  observations  (such  as  they  were)  of  Comet  1695.  Burek" 
hardt  states  besides,  that  he  gave  an  exact  copy  of  the  MS.  in  the 
'  Connaissanoe  des  Temps,  18 17,'  where  his  orbit  was  printed. 
Several  years  since  I  looked  closely  into  the  probable  orbit  of 
Comet  1695 ;  and  though  I  got  elements  approaching  Burckhardt's, 
it  was  evident  the  observations  were  affected  with  too  large  errors 
to  allow  of  a  close  approximation  to  the  orbit." 

It  appears,  then,  that  this  comet  of  1880,  as  far  as  we  can  judge 
from  observations  which  we  have,  is  probably  identical  with  the 
Comet  of  1843.  Prof.  Weiss  concludes  that  its  period  is  36*9 
years,  and  thinks  it  probable  that  it  may  have  been  identical  with 
the  comet  of  1 106,  which  is  carrying  things  rather  far  back.  That 
comet,  from  the  scanty  accounts  we  have  of  it,  was  somewhat 
similar  to  this.  It  will  be  noticed  that  Mr.  Hind  here  speaks  of 
the  Comet  of  1695;  but  there  was  another  comet  in  1689,  which 
has  been  supposed  to  be  identical  with  the  comet  of  1843.  With 
regard  to  the  Comet  of  1843,  the  observations  seem  to  have  been 
quite  insufficient  to  determine  its  pjeriod  with  any  degree  of 
certainty.  The  most  accurate  determination  appears  to  have  been 
Prof.  Hubbard's  ellipse  of  533  years.  But  all  sorts  of  periods 
have  been  found  for  this  Comet,  ranging  from  about  7  years  to 
500  or  600  years  ;  in  fact,  a  parabola  would  satisfy  the  observations 
very  &irly.    37  years  was  one  of  the  periods  suggested.    So  that 
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there  is  great  uncertamty  about  the  period,  and  some  uncertainty 
about  the  elements.  As  regards  the  Comet  of  1689  the  obserra- 
tions  appear  to  give  elements  which  are  not  very  different  from 
those  01  the  comet  of  1843.  If  these  two  Comets  are  identical,  it 
would  seem  that  there  has  been  some  acceleration  in  the  period  of 
the  Comet  since  then,  because,  according  to  the  period  from  1843 
to  1880,  36-9  years,  the  perihelion  passage  should  have  occurred  in 
1695  instead  of  1689  ;  but  of  course,  with  a  Comet  passing  so  near 
the  Sun  some  acceleration  might  be  expected.  It  is  possible  that 
this  Comet  of  1843  may  have  been  identical  with  some  Comet 
previous  to  1689;  but  things  are  very  uncertain.  There  were 
Comets  in  1582  and  in  1577  which  it  might  be  worth  examining; 
but  I  should  not  like  to  give  an  opinion  upon  this  point.  Mr.  Hind, 
perhaps,  could  answer  better  for  the  uncertainty  in  the  elements 
and  the  probability  of  the  Comets  being  identicaL  This  Comet 
has  such  a  large  inclination  that  I  suppose  it  is  not  likely  to  be 
much  disturbed  by  any  of  the  planets  of  our  system ;  but  passing  so 
near  the  Sun  it  will  get  rather  mixed  up,  at  any  rate,  with  the 
corona,  if  not  with  something  still  more  intimately  connected  with 
the  Sun ;  and  there  is  no  saying  what  changes  we  may  have  going 
on  there. 

Mr.  Neison,  May  I  ask  if  Mr.  Christie  remembers  what  obser* 
yations  were  made  with  respect  to  the  Comet  of  1843  (which  was 
a  good  deal  before  my  time),  whether  good  observations  were  ob- 
tained, whether  good  orbits  were  determined  for  the  Comet,  and 
what  the  period  was  supposed  to  be  at  the  time  ?  Perhaps  Mr. 
Chambers  might  tell  us,  if  Mr.  Christie  cannot. 

Mr.  Christie,  I  mentioned  that  the  periods  found  for  the  Comet 
of  1843  ranged  from  7  years  to  500  years  and  upwards. 

Mr.  Neison.    Those  observations  were  not  good. 

Mr.  Christie.  As  the  Comet  passed  so  dose  to  the  Sun,  the 
observations  necessarily  could  not  fix  the  period  with  any  very 
great  acciiracy.  The  Comet  of  1843  was  not  observed  till  after  tli 
perihelion  passage,  when  it  was  seen  at  noon  time  close  to  the  Sun. 
The  observations  were  rather  rough,  and  they  did  not  extend  over 
a  large  arc  of  the  orbit. 

The  Astronomer  Royal,  May  I  ask  if  there  are  any  recorded 
observations  of  a  Comet  in  1806  ? 

Mr.  Christie.  No ;  I  looked  specially  at  that  date :  that  is  the 
date  at  which  one  would  expect  to  find  a  previous  appearance  of 
the  Comet ;  but  there  was  nothing  that  would  answer  to  this  Comet, 
between  1843  and  1695  or  1689.  The  yery  small  perihelion 
distance  marks  this  Comet  out  from  nearly  all  those  which  have 
preceded  it. 

Mr.  Chambers.  My  recollection  of  the  observations  of  the 
Comet  of  1843  ^8  ^^^  ^^^7  were  yery  defectiye.  I  have  an  idea 
that  there  was  a  period  of  3000  years  got  out  by  somebody  with 
regard  to  it.  At  any  rate  there  was  such  a  wide  discrepancy  in 
the  various  periods  that  our  knowledge  of  the  Comet  of  1843,  with 
reference  to  its  orbit,  must  be  regarded  as  altogether  indefinite. 
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Mr.  Nelson.  So  I  gather,  from  what  Mr.  Christie  told  us— 
otherwise  yoa  could  not  get  periods  of  seven  years  and  of  500 
years  with  half  a  dozen  good  observations  of  such  a  comet,  as  we 
know  to  be  the  case. 

Mr.  Marih.  As  the  comet  of  1668  was  not  mentioned,  I  may 
call  to  remembrance  that  Henderson  found  that  the  very  rough 
observations  made  in  1668  at  Goa,  in  India,  could  be  represented 
within  a  degree  by  the  elements  of  the  comet  of  1843.  Supposing 
this  comet  of  1843  is  the  same  as  that  of  1668,  it  would  not  be 
very  wonderful  that  it  should  reappear  now,  after  37  years,  instead 
of  175  years.  The  velocity  of  a  body  moving  in  the  solar  system 
depends  simply  on  its  distance  from  the  Sun,  and  on  the  major 
axis  of  its  orbit.  If  the  velocity  is  reduced  by  a  resisting  medium 
there  will  be  a  reduction  of  the  major  axis,  and  there  is  nothing 
whatever  unreasonable  in  the  supposition  that,  however  weak  the 
corona  may  be,  its  resistance  would  have  a  very  great  effect  upon 
the  motion  of  a  comet  which  rushes  through  it ;  so  that  I  should 
not  be  at  all  surprised  if  it  should  turn  out  that  this  comet  of 
1880  is  the  same  as  the  comet  of  1843  and  that  of  1668,  and  that 
its  revolution  has  been  so  much  afEected  that  possibly  it  may  re- 
turn in,  say,  17  years. 

Mr.  Common.  As  soon  as  the  ephemeris  of  this  great  southern 
comet  was  published,  I  at  once  instituted  a  search  for  it.  I  looked 
on  several  nights  lately,  aided  by  the  ephemeris  published  by  our 
worthy  friend  Mr.  Hhid  ;  but,  I  need  not  say,  without  effect. 

Mr.  Chambers.  Allow  me  to  add  to  this  Mr.  Hind's  account. 
Mr.  Hind,  having  reviewed  the  facts  of  the  case,  winds  up  as 
follows: — Calculation  shows  that  the  paths  of  the  comets  of  1668 
and  1689  might  be  tolerably  well  represented  by  the  orbit  of  the 
comet  of  1843,  ^u^  equaUy  well  in  the  former  case,  and*  much 
nearer  in  the  latter,  by  numbers  altogether  different,  so  that  we 
can  come  to  no  definite  conclusion  on  the  subject. 

Mr,  Jenkins.  If  the  elements  of  those  two  comets  of  1843  and 
1880  are  so  very  similar,  I  cannot  understand  how  it  is  that  the 
comet  of  1843  may  have  a  period  ranging  from  7  years  up  to  3000, 
or  practically  a  parabola,  and  yet  in  the  one  of  this  year  you  can 
get  a  very  definite  period  like  37  years. 

Mr.  Christie.  I  may  answer  Mr.  Jenkins  first  by  saying  that 
this  period  of  37  years  is  simply  inferred  from  the  perfbelion 
passages  of  the  comet  in  1843  and  in  the  present  year,  assuming 
that  the  two  are  identical.  We  have  only  got  parabolic  elements 
for  the  orbit  of  the  comet  of  1880 ;  but  those  elements  agree  so 
closely  with  those  for  the  comet  of  1843,  that  the  assumption  of 
identity  appears  very  probable  ;  and  therefore  we  are  justified  in 
assuming  that  there  is  a  period  of  something  like  369  years,  or 
some  fraction  of  that  period.  It  is  quite  possible  that  the  period 
may  be  half,  or  a  third,  or  a  quarter  of  37  years,  as  far  as  the 
observations  in  1843  and  1880  are  concerned. 

Mr.  Marih,    If  the  comet  returned  after  a  certain  number  of 
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yean  and  a  half  it  would  oome  to  perihelion  somewhere  in  July  or 
August  under  ciroumstanoes  that  would  make  it  invisible  from  the 
Earth,  so  that  there  may  have  been  one  or  several  appearances 
between  1668  and  1843  without  being  perceived.  But  it  is  pos- 
sible that  there  may  have  been  none,  and  jet  that  at  the  nezt  re- 
volution it  may  have  come  in  1880  after  only  37  years,  because 
the  slightest  difference  in  the  resisting  medium  dose  to  the  Sun 
will  have  such  an  enormous  effect  upon  the  major  axis  as  to  cause 
that  uncertainty  in  which  we  are  at  present,  and  it  is  not  mH 
reasonable  to  assume  that  the  period  has  been  so  very  much 
shortened. 

Mr,  Banyard,  As  to  the  resistance  offered  by  the  corona,  I 
should  be  very  glad  if  more  accurate  information  could  be  obtained. 
If  it  can  be  shown  that  this  comet  is  identical  with  those  which 
have  been  seen  before,  but  that  the  period  has  changed,  it  may  throw 
a  great  deal  of  light  on  the  constitution  of  the  corona.  We  know 
that  deep  down  in  the  region  of  the  prominences  there  is  consider* 
able  resistance.  In  a  remarkable  observation  of  Prof.  Young^s,  he 
saw  a  prominence  shoot  up  to  a  height  of  6'  above  the  photo- 
sphere ;  and  during  the  ten  minutes  that  he  saw  it,  there  evidently 
was  an  enormous  velocity  of  the  prominence-matter  amounting  to 
somethiug  like  300  miles  in  a  second.  We  know  what  great  resist- 
ance there  is  when  a  meteor  enters  our  atmosphere.  At  the  height 
of  70  miles  from  the  Earth's  surface  it  becomes  white  hot  with  the 
,  resistance ;  and  one  would  expect  that  there  would  be  from  the 
corona  some  similar  resistance  and  very  great  retardation ;  but  we 
know  nothing  at  all  of  the  law  according  to  which  the  matter  of  the 
corona  is  distributed.  No  doubt  the  great  heat  of  the  Sun  will  give 
rise  to  a  very  different  law  from  that  in  our  own  atmosphere,  and 
it  would  be  a  new  way  of  attacking  the  great  solar  question  of  the 
distribution  of  the  matter  of  the  corona. 

Mr,  Marth.  At  perihelion  the  distance  of  the  comet  of  1843 
from  the  Sun's  surface  was,  if  I  remember  rightly,  two  tenths  of 
the  radius  of  the  Sun.  If  you  say  that  Prof,  xoung  has  observed 
a  protub^ance  6'  high,  it  will  just  amount  to  that  or  more  than 
that.  Against  the  probability  of  the  solar  oorona  having  such  an 
effect,  it  may  be  said  that  it  has  not  been  shown  by  the  Comet  of 
1680,  which  approached  the  Sun  to  one  third  of  the  radius,  and 
which  was  observed  beiEore  and  after  perihelion.  Unfortunately 
there  is  only  one  useful  observation  of  that  comet  made  b^ore 
perihelion.  This  single  observation,  made  by  Kirch,  is  reconci- 
lable with  the  observations  after  perihelion;  so  that  that  might 
show  that  the  effect  of  the  approach  to  the  Sun  to  a  third  of  the 
radius  has  not  been  sensible,  at  least  in  those  observations  of  200 
years  ago.  The  elements  of  the  comet  of  1880,  deduced  from  the 
rough  places  which  have  been  furnished  by  the  southern  observers, 
and  those  of  the  comet  of  1S43  are  so  dose  as  regards  the  node 
and  inclination,  and  the  distance  and  direction  of  the  perihelion, 
that  it  is  really  difficult  to  surmise  that  they  can  be  different 
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eomets.  A  resisting  medium  will  have  no  direct  effect  upon  the 
node  and  inclination,  but  will  merely  affect  the  velocity  of  the 
comet,  and  consequenUj  the  major  axis  and  excentricity. 

Mr,  Common  r^  a  paper  giving  the  results  of  observations  of 
the  nebula  in  the  Pleiades  made  with  his  3-feet  telescope.  He 
finds  the  direction  of  the  Nebula  near  Merope  differs  considerably 
from  that  given  by  Mr.  Maxwell  Hall  in  the  January  Number  of 
the  ^Monthly  Notices'  for  this  year,  and  that  there  is  also  a  detached 
nebula  north  of  that  star.  He  also  mentions  an  observation  on 
one  night  of  a  nebulous  patch  near  Alcyone. 

The  paper  was  accompanied  by  a  sketch. 

Mr.  Stom  read  a  paper,  in  continuation  of  discussions  that  have 
taken  place  in  the  Society,  on  Mean  Befractions  : — ^In  my  paper 
of  1867  I  divided  the  Greenwich  observations  into  five  groups. 
I  found  some  very  considerable  residuals  amounting  to  —  o"'88 
for  the  group  37^  40'  to  43°  N.P.D.,  and  to  —  2"'02  for  the  group 
43°-4^i°*  These  residuals  are  very  considerable  quantities,  and  a 
good  deal  of  discussion  has  arisen  in  the  Society  with  respect  to 
the  accuracy  of  the  results.  I  have  gone  over  anew  the  (»Jcula- 
tion  of  this  last  residual,  introducing  into  it  every  one  of  the  cor- 
rections that  I  have  found  required,  and  the  result  I  obtain  is 
—  2"*  10,  with  a  probable  error  of  about  o"*2. 

In  this  result  I  have  corrected  the  observations  for  the  error  of 
the  thermometer  and  for  the  error  of  the  barometer,  and  any  other 
correction  that  I  could  conceive  of.  So  that  I  am  certain  that  in 
this  work  of  1867  I  did  introduce  all  the  necessary  corrections 
throughout.  I  have  lost  the  original  paper,  and  it  is  impossible 
to  assert  from  memory  what  any  one  did  thirteen  years  ago.  Then 
oomes  this  question  :  If  these  residuals  do  not  arise  from  inaccuracy 
in  my  work,  wliat  do  they  arise  from  ?  They  must  arise,  so  far  as 
I  can  see,  from  one  of  three  other  causes.  li  my  work  be  accurate, 
as  I  say  now  it  is,  then  they  must  arise  from  systematic  error  in 
the  Greenwich  results  or  from  Bessel's  refractions  requiring  cor- 
rection either  for  the  constant  of  refraction  or  for  imperfections 
of  his  theory.  With  regard  to  systematic  errors  which  are  running 
through  the  period  from  1857  to  1865, 1  have  no  hesitation  in  say- 
ing there  are  no  such  quantities  as  these.  You  may  get  o"'5 
or  o"'6;  but  when  you  have  got  that  you  have  got  the  very 
extreme. 

With  regard  to  the  observations  from  1868  to  1876,  not  only  is 
it  the  case  that  they  are  affected  by  systematic  errors,  which  were 
much  larger  than  those  from  1857  to  1865,  but  during  the  years 
1870  to  1874  there  is  a  large  correction  to  the  nadir-point  as 
found  with  the  reflecting  eyepiece,  and  the  whole  of  those  obser- 
vations with  the  reflecting  eyepiece  have  been  virtually  rejected 
at  Greenwich.  I  do  not  say  that  this  is  not  justified,  but  it  does 
introduce  a  certain  amount  of  doubt.  But  still  even  that  result 
is  partially  compensated  by  the  quantities  themselves,  and  you 
have  nothing  like  the  quantities  mentioned  above  to  deal  with. 
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You  can  account  for  those  quantities  in  the  waj  I  proposed  in 
1867,  and  thus  reduce  those  large  residuals  to  about  o"'i.  And 
the  same  thing  applies  to  the  observations  made  from  1868  to 
1876 ;  if  you  t^e  the  whole  of  the  groups,  the  residuals,  as  a  matter 
of  fact,  are  also  reduced  to  small  quantities. 

The  Cape  observations  made  quite  recently  do  not  appear  to 
show  that  Bessel's  refractions  require  diminution,  and  on  that 
account  I  did  not  in  the  Cape  catalogue  of  i860  diminish  the  re- 
fractions. I  saw  that  they  agreed  pretty  fairly  with  the  Greenwich 
observations,  and  I  thought  it  was  better  not  to  introduce  the 
diminution  of  the  refraction  till  the  matter  had  been  further  in- 
vestigated. 

We  should  be  obliged  to  accept  the  refractions,  only  I  find  that 
BessePs  theory  contains  another  constant  which  he  has  introduced 
to  explain  the  law  of  the  diminution  of  density  of  the  atmosphere. 

I  have  gone  into  this  question,  making  the  refraction  agree  with 
observation  for  85°  Z.D.,  and  the  result  is  that  there  is  considerable 
change  for  all  zenith-distances  after  75°  Z.D.  They  agree  with 
BesseFs  up  to  75",  but  at  75°  they  differ  by  o"-i4,  at  76*"  by  o"-i6, 
and  so  on  progressively  till  at  80°  they  differ  by  o"-46,  and  at  82^ 
by  o"'93,  and  at  85°  by  o"*97. 

I  pick  up  thus  an  investigation  which  Mr.  Main  made  a  good 
many  years  ago.  From  the  discussion  of  observations  from  1834 
to  1854  he  found  that  the  refractions  at  82°  were  too  big  by  about 
•0023,  and  at  85°  by  about  '0048.  That  is  just  about  this  quantity. 
Not  only  does  this  account  for  that  result  of  Mr.  Main's  investi- 
gation, but  it  accounts  for  the  result  obtained  by  M.  Bakhuyzen. 

It  appears  to  me  that  there  is  this  difficulty  in  Bessel's  theory, 
that  you  get  for  the  coefficient  of  refraction  of  air  a  value  whidi 
does  not  agree  with  Blot's  experiments.  The  explanation  generally 
given  of  that  is  that  Biot's  value  of  the  coefficient  is  for  dry  air, 
and  BesseFs  coefficient  is  determined  from  the  moister  air  of 
the  atmosphere ;  but  I  do  not  think  that  can  be  considered  a  satis- 
factory solution,  because  in  moister  air  the  physical  refraction 
should  be  greater.  I  cannot  see  that  there  is  any  explanation  but 
one,  and  that  is  that  the  fundamental  assumption  in  Bessel's 
theory  regards  the  atmosphere  as  extending  into  infinity ;  but  if  you 
suppose  the  refractive  index  at  the  boundary  of  the  atmosphere  to 
have  a  small  sensible  value,  you  can  make  Biot's  value  of  the  co- 
efficient of  refraction  agree  with  BesseFs  refraction,  wfaidi  agrees 
pretty  fairly  with  the  observations  at  45°  Z.D.  Unfortunately  that 
is  not  the  case.  It  would  appear  that  Bessel's  value  is  a  strained 
one,  whatever  one  likes  to  call  it ;  his  constant  has  not  a  physical 
meaning,  and  consequently  there  must  be  an  outcrop  at  largo 
zenith-distances. 

I  think  I  have  shown  that  Bessel's  theory,  if  you  accept  it,  of 
physical  refraction,  requires  these  corrections,  and  that  these  cor- 
rections are  sufficient  to  account  not  merely  for  the  results  in  the 
paper  of  1867,  but  also  for  the  corrections  in  use  for  many  years 
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at  Greenwich,  rather  than  those  that  reduced  Bessers  refractions 
at  82^  by  '0023,  and  then  assumed  that  they  remain  unaltered  till 
you  come  to  85%  which  is  impossible — the  curve  must  be  contin- 
uous. 

Mr.  Downing.  Might  I  ask  Mr.  Stone  how  he  reconciles  his 
theory  of  the  necessity  of  the  diminution  of  the  mean  refractions 
with  the  comparison  he  has  exhibited  between  the  places  of  the 
^  Nautical  Almanack '  stars  in  his  great  Catalogue  and  the  cata- 
logue in  the  'Nautical  Almanack'  for  1880?  His  comparison 
shows  that  there  is  no  appreciable  error  in  the  refractions ;  and 
the  '  Nautical  Almanac '  places  for  1880  are  taken  from  the  Green- 
wich Catalogue  for  i860,  in  which  the  old  refractions  are  used — 
namely  Bessel's,  undiminished  as  far  as  Z J).  82^. 

Mr.  Stone.  The  explanation  to  a  very  great  extent  is  that  those 
errors  in  the  refractions  do  not  get  very  large  till  you  get  to  82° 
Z.D.  Then  BesseFs  refractions  are  not  used ;  the  Greenwich  ones 
aroused. 

Mr,  Olaisher  read  a  paper  by  Lord  Lindsay  on  the  relative  star- 
magnitude  of  Mars  in  Pebruary  and  March  1880, 

Mr,  Brett,    Did  the  author  say  what  machine  he  used  ? 

Mr.  Banyard.    A  photometer. 

Mr.  Christie^  I  have  a  note  from  Mr.  Brewin  on  the  rotation- 
period  of  Jupiter.  He  had  observed  the  red  spot  in  Jupiter  from 
the  7th  of  August,  1879,  to  the  4th  of  February,  1880,  making  437 
rotations ;  and  he  deduces  from  his  observations  the  rotation-period 
of  9**  55"  34** I,  agreeing  closely  with  the  value  9**  55"*  33*'9i 
found  by  Mr.  Pratt  ('Monthly  Notices,'  1880,  January).  Mn 
Pratt's  value  was  about  8*  larger  than  the  previously  received 
value. 

Mr.  Marih.  I  have  received  a  letter  from  Prof.  Pritchett,  of 
Glasgow,  Missouri,  whose  observations  go  down  to  the  beginning 
of  February.  I  should  much  like  to  know  whether  anybody  has 
observed  the  passage  of  the  middle  of  the  red  spot  across  the 
central  meridian  in  1878,  because  just  now  I  am  in  perplexity.  I 
intend  for  the  next  meeting  to  prepare  the  ephemeris  for  Jupiter 
for  the  present  year.  Last  year's  observations  agree  fairly  well 
with  a  uniform  motion,  which  is  slower  than  that  assumed  in 
my  ephemeris  from  old  observations;  but  there  is  one  observa- 
tion, made  by  Prof.  Pritchett  in  1878,  which  certainly  does  not 
agree  with  this.  I  should  be  very  much  obliged  to  anybody  who 
has  made  observations  of  the  red  spot  in  1878,  for  some  distinct 
observation  of  the  passage  of  the  red  spot  across  the  central 
meridian.  If  I  cannot  get  that,  I  think  1  shall  go  on  with  the 
rotation-period  which  I  have  assumed  for  this  year,  and  merely  give 
the  result  of  the  observations  of  1879 ;  because,  as  those  obser* 
vations  only  extend  to  half  a  year,  it  would  be  rather  hazardous  to 
predict  for  a  whole  year  in  advance.  If  Prof.  Pritchett's  observa- 
tion of  1878  is  correct,  it  is  quite  clear  that  the  motion  of  the  spot 
has  been  retarded,  in  contradiction  to  Mr.  Pratf  s  result  for  the 
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last  year,  which  may  be  reooneiled  with  regular  motion,  but  caiH 
not  be  reconciled  with  Prof.  Prit<;hett'8  obeervationB  of  July  1878. 

Mr,  Christie,  There  must  necessarily  be  a  good  deal  of  uncer- 
tainty about  the  actual  rotation-period  of  Jupiter,  because  there 
seems  some  probability  that  this  red  spot  has  a  considerable  drift ; 
and  as  Mr.  Marth,  I  think,  inEers,  that  drift  may  be  yariable.  It 
seems  to  me  that  the  problem  is  something  like  that  of  the  Sun's 
rotation,  where  we  get  different  rotation-periods  from  different 
spots.  It  is  not  the  errors  of  observation  that  we  have  to  guard 
against  in  this  case,  but  this  irregularity  in  the  motion  of  the  spot 
itself,  which  is  different  from  the  general  drift  of  the  atmosphere ; 
so  that  it  is  important  not  only  to  get  observations  of  a  prominent 
object  like  this  red  spot,  but  of  as  many  spots  of  all  kinds  as 
possible. 

Mr,  Marth,  1  have  published  an  ephemeris  for  years  past,  ex- 
pecting series  of  observations  to  correct  the  assumed  rotation.  Un- 
fortunately we  have  no  observations  forthcoming  except  for  the  last 
year.  I  have  received  for  the  last  year  a  long  series,  but  unfortu- 
nately these  cannot  be  reconciled  with  the  single  observation  of 
July  1878  which  I  received  from  Prof.  Pritchett,  which,  however, 
is  not  a  direct  observation,  but  is  merely  an  inference.  If  this  is 
correct,  then  the  spot  had  certainly  a  considerable  retardation 
during  last  year,  and  we  are  not  justified  in  assuming  one  parti- 
cular rotation-period.  For  this  reason  I  should  be  glad  to  receive 
the  observations  of  1878,  which  might  throw  light  upon  the  sub- 
ject. We  have  received  from  Mr.  Hirst,  in  Australia,  very  good 
Sketches,  which  are  in  the  library ;  but  they  do  not  allow  one  to 
form  any  opinion  at  what  exact  time  the  centre  of  the  spot  crossed 
the  meridian. 

Lieut.  T.  Preston  Battersby,  B.A.,  was  balloted  for  and  duly 
elected  a  Fellow. 

The  Meeting  adjourned  at  ten  o'clock. 


Notes  on  Double  Stars. 

Mb.  G-LEDniLL  has  called  attention  to  several  interesting  double-star 
systems  in  the  2£arch  number  of  the  'Observatory,'  p.  352.  I  have 
measured  2  547  on  six  nights  since  my  recently  published  mea- 
sures. The  mean  result  of  the  first  four  is  given  by  Mr.  Gledhill 
in  the  communication  referred  to.  The  two  later  observations 
give 

P«i6°-i  D=2"-27  188005. 

The  small  star  is  apparently  at  least  12  magnitude  of  Struve's 
scale ;  in  two  observations  I  luive  called  it  12*5.  If  it  be  assumed 
that  Struve  underrated  the  companion  half  a  magnitude,  this,  with 
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the  greatly  diminished  diBtani^,  would  fullj  account  for  the  failures 
to  see  it  by  Dembowski  and  myself.  The  distance  is  only  about  one 
half  what  it  was  when  measured  by  Struve ;  and  this  would  greatly 
iuorease  the  difficulty  of  seeing  it  even  when  both  startf  are  small. 
I  should  regard  it  now  about  the  same  as  BO  of  40  Eridani,  so  far 
as  magnitudes  are  concerned,  but  practicidly  a  little  more  difficult, 
because  the  distance  of  the  components  is  about  i"  less  than  40 
Eridani. 

In  my  measures  of  the  new  companion  found  to  OS  159(15 
Lyncis),  given  by  Mr.  Gledhill  in  the  same  number,  p.  353,  the 
position-angle  should  be  34i°*4  instead  of  31°*4.  The  same 
correction  should  be  made  in  my  published  results,  one  of  the 
figures  haying  been  omitted  in  some  way.  Later  measures  are  as 
follows: — 

AB        P«=i°-i  D=3o"-63         187884 

AC  342^-5  23"'S2        1878-84 

1  have  called  the  small  star  13  magnitude.  It  wiQ  therefore 
probably  require  10  or  12  inches  aperti^  to  show  it. 

OhioftgOk  March  17,  1880.  S.  W.  BuwmAM. 


The  Cosmogony  of  Laplace.^ 

Lapiacib's  celebrated  nebular  hypothesis  was  first  distinctly  stated 
in  his  *  Syst^me  du  Monde '  t.  The  reasoning  by  which  it  is  there 
sustained  is  general,  and  it  does  not  appear  uiat  the  author  made 
any  effort  to  test  his  theory  by  analysis.  The  law  of  the  conser- 
vation of  energy  was  then  undiscovered,  and  hence  data,  which 
now  seem  available  for  a  critical  examination,  were  entirely  wanting. 
Let  us  consider  the  hypothesis  in  some  of  its  obvious  aspects. 

t.  It  is  assumed  by  Laplace  that  nebulous  rings  were  abandoned 
only  in  the  vicinity  of  the  present  orbits  of  the  planets.  While  I 
have  for  many  years  believed  that  the  matter  of  the  solar  system 
originally  existed  in  a  gaseous  condition,  and  hence  that  a  nebular 
hypothesis  in  some  form  must  furnish  the  true  explanation  of  the 
planetary  motions,  I  have  more  than  once  ventured  the  opinion 
that  this  assumption  of  Laplace  is  wholly  unwarranted.  I  make 
a  single  quotation  from  the  *  Monthly  Notices'  of  the  Eoyal  Astro- 
nomical Society  for  January  1869  : — 

"  The  known  facts  in  regard  to  the  zone  of  minor  planets,  as 
Well  as  the  phenomena  of  Saturn's  rings,  seem  to  demand  a  modi- 
fication of  the  nebular  hypothesis  as  generally  held.  No  reason 
has  ever  been  assigned  why  the  solar  nebula  should  not  have 
abandoned  rings  at  distances  intermediate  between  the  present 

*  From  the  '  IVooeedings  of  ^e  American  Philosophical  Society/    Oom- 
municated  by  the  Author. 
t  Published  at  Parb  in  1813. 
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orbits  of  the  planets.  On  the  oontrarj,  it  seems  highly  probable 
that,  after  first  reaching  i^e  point  at  which  gravity  was  coonter- 
balanced  by  the  centrifugal  force  arising  from  the  rotation  of  the 
contracting  spheroid^  a  continuous  succession  of  narrow  rings 
would  be  thrown  off  in  close  proximity  to  each  other,  and  revolying 
in  different  periods  according  to  Kepler's  third  law." 

The  view  thiis  expressed  in  1 868  has  never  been  called  in  question, 
and  I  have  seen  no  reason  to  modify  it.  The  ring  theoiy  thus 
seems  to  require  that  after  matter  began  to  be  thrown  off  at  tiie 
equator  of  the  revolving  mass,  the  process  should  have  been  almost 
continuous  until  the  nebula  became  transformed  into  a  close  system 
of  rings  presenting  the  appearance  of  a  thin  plate  or  disk.  The 
theory  would  thus  fail  to  account  for  the  formation  of  the  solar 
system  as  it  actually  exists. 

2.  But  even  if  we  adopt  Laplace's  theory  of  ring  formation,  we 
at  once  encounter  difficulties  no  less  serious.  It  is  obvious,  on 
the  slightest  examination,  that  the  mutual  attraction  of  different 
portions  of  a  zone  could  have  very  little  influence  in  bringing  its 
molecules  together  around  a  common  nucleus.  Laplace,  it  is  true, 
supposed  the  fragments  of  a  ring  to  have  been  thus  collected  into 
a  single  planet.  <'  Almost  always,"  he  says,  **  each  ring  of  vapours 
ought  to  be  divided  into  several  masses,  which,  being  moved  with 
velocities  that  differ  little  from  each  other,  should  continue  to  re- 
volve at  the  same  distance  from  the  sun.  These  masses  should 
assume  a  spheroidal  form,  with  a  rotary  motion  in  the  direction 
of  that  of  their  revolution,  because  their  inferior  particles  have  a 
less  real  velocity  than  the  superior ;  they  have,  therefore,  consti- 
tuted 60  many  planets  in  a  state  of  vapour.  But  if  one  of  them 
was  sufficiently  powerful  to  unite  snccessively  by  its  attraction  all 
the  others  about  its  centre,  the  ring  of  vapours  would  be  changed 
into  one  sole  spheroidal  mass,  circulating  about  the  Sun,  with  a 
motion  of  rotation  in  the  same  direction  with  that  of  revolution.** 

In  regard  to  the  mutual  attraction  here  referred  to,  it  may  be 
remarked,  that  two  parts  of  the  Neptunian  ring  on  opposite  sides 
of  the  Sun  could  produce  no  sensible  perturbation  of  each  other's 
motion.  If,  moreover,  the  fragments  of  any  ring  were  distributed 
around  the  orbit  with  approximate  uniformity,  their  mutually  dis- 
turbing effects  would  nearly  destroy  each  other.  That  this  state 
of  things  should  have  obtained  in  the  case  of  some  of  the  eight 
principal  planets  is  extremely  probable.  The  theory,  therefore,  of 
planetary  aggregation  by  the  attraction  between  different  parts  of 
the  rings,  requires  an  indefinite  antiquity  of  the  solar  system. 
lict  us  suppose,  then,  that  the  planet-forming  process  was  due  to 
the  different  velocities  of  the  fragments  into  which  a  ring  had 
been  broken  up.  Take,  for  example,  the  ring  which  was  trans- 
formed into  Neptune.  Let  us  assume  that  two  fragments,  A  and 
B,  differed  in  longitude  by  i8o°,  and  that  the  mean  distance  of  the 
centre  of  gravity  of  A  from  the  Sun's  centre  exceeded  that  of  B 
by  looo  miles.    It  is  then  easy  to  show  that  the  corresponding 
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difference  of  their  angular  velocities  would  not  bring  them  together 
around  the  same  nucleus  in  1 50  millions  of  years.  But  even  after 
aU  the  fragments  had  thus  been  collected,  other  millions  of  years — 
assuming,  with  Laplace,  that  the  united  mass  was  still  in  the 
gaseous  form — would  be  required  for  the  process  of  condensation. 
The  supposition  we  have  made  is  not  an  extravagant  one.  In 
Laplace  s  cosmogony,  therefore,  hundreds  of  millions  of  years  are 
involved  in  the  separate  history  of  a  single  planet.  Is  so  great  an 
implied  age  of  the  solar  system  admissible  ? 

According  to  Helmholtz,  whose  theory  is  now  generally  accepted, 
the  Sun's  heat  is  but  the  transformed  motion  of  its  parts  condensed 
or  drawn  together  by  the  force  of  gravitation.  Now,  the  law  of 
the  conservation  of  energy  enables  us  to  calculate  the  age  of  the 
Sim,  knowing  (i)  the  amount  of  solar  heat  radiated  in  a  given 
time,  and  (2)  the  amount  produced  by  a  given  contraction  of  the 
Sun's  mass.  It  has  thus  been  found  that  condensation  from  the 
distance  of  the  nearest  fixed  stars  to  the  Sun's  present  volume 
would  have  kept  up  a  supply  of  heat  equal  to  the  present  for 
about  twenty  millions  of  years.  This  estimate,  it  will  be  imder- 
stood,  is  based  on  the  assumption  that  the  Sun's  density  is  uniform 
from  centre  to  surface.  If ,  as  is  altogether  probable,  the  density 
increases  towards  the  centre,  the  age  of  the  Sun  may  be  considerably 
greater*. 

3.  The  difficulty  here  presented  is  one  of  no  small  importance. 
If  removed,  however,  we  are  immediately  met  by  another  perhaps 
still  more  formidable.  Assuming  the  increase  of  Neptune's  radius 
to  have  been  uniform  during  the  time  required  for  the  accumula- 
tion of  the  ring  around  a  single  nucleus,  the  daily  superficial 
deposit  would  be  less  than  one  sixtieth  of  an  inch,  the  density 
being  equal  to  the  present  density  of  the  planet.  This  extremely 
slow  transformation  of  the  nebulous  zones  would  develop  little 
heat ;  so  that  the  planets  would  be  nearly  cold  during  the  process 
of  their  formation.  Laplace's  theory,  therefore,  obviously  fails  to 
account  for  the  origin  of  satellites. 

4.  It  is  easy  to  show  that  the  period  of  a  rotating  nebula  in  the 
process  of  condensation  would  vary  as  the  square  of  the  radius. 
If  the  solar  nebula,  therefore,  rotated  once  in  164-6  years  when  it 
filled  the  orbit  of  Neptune,  its  period  when  it  had  contracted  to 
the  orWt  of  Uranus  ought  to  have  been  67  years ;  at  the  orbit  of 
Saturn,  167  ;  at  that  of  Jupiter,  4-94  years,  &c.,&c.  This  obvious 
inconsistency  with  Kepler's  third  lawt  has  been  noticed  by  astro- 
nomers, and  recoiurse  has  been  had  to  the  additional  supposition  ' 

*  "  On  the  only  hypothesis  science  will  now  allow  us  to  make  respecting  the 
source  of  the  solar  heat,  the  earth  was,  twenty  millions  of  years  affo,  enveloped 
in  the  fiery  atmosphere  of  the  Sun." — Prof.  Simon  NewcomS  in  the  if.  A,  Remew, 
for  Jukft  1876. 

f"  Let  r,  r',  and  t,  f  represent  the  radii  and  periods  of  rotation  of  the  solar 
nebula  at  two  different  epochs ;  then  t:f:'.f^\r'K    ^ut  by  Kepler's  third  law, 
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that  the  rate  of  variation  of  density  from  surfiice  to  centre  was 
continually  changing  through  all  the  cycles  of  planetary  formation*. 
Till  this  latter  hypothesis — invented  to  sustain  the  hypothesis  of 
Laplace — shall  itself  have  been  placed  on  a  basis  of  fact's,  the 
superstructure  must  be  regarded  as  eminently  unstable. 

OoNCLUsioir. 

It  has  beeti  shown  (i)  that  the  hypothesis  of  Laplaoe  gives  no 
explanation  of  the  immense  intervids  between  the  planetary  orbits; 
(2)  that,  apart  from  this  objection,  the  periods  required  for  the 
formation  of  planets  from  nebulous  rings  are  greater  than  the  pro- 
bable age  of  the  solar  system ;  (3)  that  it  ffuls  to  account  for  the 
origin  of  satellites  ;  and  (4)  that  it  is  apparently  incompatible  with  a 
known  physical  law.  The  conclnsion  seems  inevitable  that  this 
celebrated  hypothesis  must  yet  be  abandoned,  or  l^at  ita  principal 
features  must  be  essentially  modified. 

Bloomington,  Indiana.  DakiBL  KiBEWOOB. 


Doubk  Stars  for  Mayi 

5  14^3.        B.A.  10^  i2"'6,  Dec.  +21**  10'.    Mag.  8*6,  9'^. 
990-3        i"'i2        1830-9        S. 
69  7  -28  78-2        /J. 

Change  in  angle. 

OS  226  re/.        EJl.  io*»  zZ'^Z,  Dec.  +42**  9'.    Mag.  7,  to. " 

58°-4      i7"-89        1878-1        /3. 

Bumham  in  1874  and  1878  estimated  the  magnitude  of  B  as  at 
least  1 1 -8. 

02  230.        B.A.  io*»  48™- 1,  Dec.  +21°  35'.    Mag.  8,  12. 
i3°-4        8"-36        1878-2. 
Change  in  angle. 

OS  234.        B.A.  ii*»  24»-3,  Dec.  +41^  S7'-    Mag.  7,  7-8. 
This  very  difficult  star  wa^  receded  oblong  in  1858  and  t86t, 
dingle  in  1866,  and  oblong  in  1870  by  03.    In  1878  it  was  exa- 
mined by  Bumham,  and  the  components  found  "just  in  contact; 
distance  certainly  under  o"-3.*' 

151^-7         o"-27         1878-3        /J. 
A  binary  in  rapid  motion. 


*  See  the  able  and  interesting  memoir  on  the  Nebular  Hypotheds  by  Prol 
David  Trowbridge,  in  the  'American  Journal  of  Science'  for  November  iStikf. 
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Mr.  Bamliam  has  lately  diyided  the  principal  stars  of  the  fol* 
lowing  objects  :— 

S  888.  E.A.    6^  i2»-2,  Dec.  +28°  31'.       A  7-5. 

2  1780  r^*.  13   39*5,  -II   49'5«    A  6c 

S  2005  re;.  15    59  -3,  —  5    57-8.     A  6-5. 

The  second  (S  1780  rej,)  is  86  Virginia  ;  and  Mr.  Burnham  has 
found  that  both  stars  are  double  in  the  18^-inch  refractor.  He 
writes : — **  The  attendant  to  the  large  star  is  very  easily  seen,  and, 
I  think,  not  beyond  the  reach  of  my  6-iach ;  but  the  companion  to 
Struve's  star  is  very  difficult,  and  requires  a  large  aperture.  The 
components  taken  together  form  the  closest  quadruple  system 
known." 

Por  other  pairs  see  *  Observatory,'  vol.  ii. 

Joseph  Glbi>hill. 
Mr.  Bdward  CrossIey'B  Observatory, 
Bermeraide,  Halifax. 


Meteor  Notes  for  May*. 

Moaimr G  observations  may  be  instituted  from  about  the  4th  to  the 
2ist,  and  from  the  ist  to  the  15th  and  25th  to  the  31st  in  the 
evenings.  On  the  first  few  davs  a  shower  of  Aquariads  should  be 
looked  for  before  sunrise ;  and  during  the  first  half  of  the  month, 
when  the  sky  will  be  generally  free  from  moonlight,  many  radiant- 
points  are  observable  &om  the  region  of  Draco,  Lyra,  Serpens,  and 
Hercules.  Showers  of  slow  meteors  from  the  points  209°  —  8** 
and  229°  —4°  should  be  specially  looked  for.  A  morning  shower, 
detected  by  the  writer  on  May  15-17,  1877,  at  354°  +41°  (and 
confirmed  by  Heis  at  355**  +42%  May  20-29),  also  requires  fur- 
ther observation,  and  there  is  evidence  of  a  rich  shower  in  Quad^ 
rans  (233^  +47°)  on  the  3rd  and  few  following  nights.  A  large 
meteor  was  seen  on  May  30,  1877,  by  Mr.  Corder  at  Writtle,  and 
by  the  writer  at  Bristol,  from  a  radiant  at  20°  +57°  (near  ?  Cassio- 
peise). 

Recent  Observations. — A  fine  meteor,  >^,  was  seen  by  the 
writer  at  Bristol  on  March  29,  7*^  57".  Path  exactly  noted  from 
247°  +42°  to  200°  io°=59°,  which  it  traversed  with  an  extremely 
slow  motion  in  7  or  8  seconds.  The  nucleus  shone  with  a  very 
intermittent  light;  at  mid-course  it  seemed  near  extinction,  but 
suddenly  regained  its  previous  brightness,  which  was  then  sustained 
until  the  end  point.  The  same  meteor  was  seen  by  an  observer 
at  Hampstead  Heath,  N.W.  (*  Nature,'  April  i,  1880,  p.  515), 
where  the  course  was  from  "  newly  north  to  south,  passing  near 

*  For  further  notes  on  May  thowerB  see  *  Obeervatory/  Vol.  ii  p.  31,  and 
VoL  iii.  p.  21. 
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(  XJrsiB  Majoris,  and  disappearmg  Buddenly  nearly  over  I  Leonis. 
Colour  greenish  white,  like  burning  zinc,  with  trace  of  a  reddish 
train,  but  no  track  visible  afterwards."  A  projection  of  the  two 
paths  gives  a  radiant  close  to  yj/  Cygni  (about  297^  +5^®) ;  ^^^  i* 
IS  doubtful  whether  the  expression  "  nearly  over  ^  Leonis  '  for  the 
point  of  extinction  at  Hampstead  means  over  that  star  in  altitude 
or  in  the  line  of  sight.  This  meteor  is  also  described  in  the  '  Natu- 
ral History  Journal'  for  April  15,  p.  55,  by  Mr.  John  Sterry,  Bed 
Hill,  Surrey.  The  time  was  noted  as  7.56  p.m.  The  meteor's 
first  appearance  was  very  near  the  pole-star  (about  3°  below),  and 
it  passed  over  (  XJrsaB  Majoris,  disappearing  gradually  after  having 
travelled  about  40^.  The  colour  was  a  beautiful  pale  blue.  The 
brilliancy  of  the  head  was  quite  =  ^ ,  and  the  tail  was  f uUy  2^ 
long.  Mr.  Clark,  from  a  sketch  by  the  observer,  makes  the  path 
from  275°  +85°  to  190°  +25%  or  55°  in  length.  It  lasted  4 
seconds.  The  course  here  given  does  not  accord  with  the  radiant 
in  Cygnus  derived  from  the  observations  at  Bristol  and  Hampstead. 

A  fine  meteor  was  seen  on  April  4,  10**  7".  At  G-reenwich  the 
path  was  noted  from  6$^  +  38°  to  74°  -h  41°.  End  point  accurately 
observed  at  ri-(  AurigsB,  direction  towards  /3  Aurigae.  Motion  v^y 
slow.  The  meteor  was  greatly  foreshortened,  so  as  to  be  almost 
stationary,  and  left  a  broad  streak  in  its  track.  Duration  2  sees., 
probably  more. 

At  the  same  time  a  bright  meteor  was  recorded  at  Bristol  with 
a  course  from  293°  +69°  to  246°  -1-53°.  It  left  a  broad  comet- 
like  train,  and  moved  slowly.  At  Leicester  four  meteors  were  seen 
by  Mr.  F.  T.  Mott  ('Nature,'  April  8,  1880,  p.  537),  between  10^ 
5"  and  10'*  25"  the  same  night,  as  follows : — 

1.  Crossing  Cassiopeia  at  an  angle  of  45^  with  the  horizon  from 
the  direction  of  Ursa  Minor.     Path  20°.    Duration  2  sees.    Train. 

2.  From  10°  E.  of  Capella  to  10®  below  Eegulus,  nearly  parallel 
with  the  horizon,  passing  below  Castor  and  Pollux  and  above  Pro- 
cyon.  Path  about  80°.  Duration  5  sees.,  leaving  a  train,  which 
broke  up  into  several  fragments  before  its  final  disappearance,  the 
fragments  travelling  one  behind  the  other  in  the  same  direction. 

3.  From  10°  W.  of  Castor  and  Pollux  to  5°  "W.  of  them,  leaving 
a  train.  The  trains  of  these  three  meteors  were  all  of  the  same 
bluish-white  colour. 

4.  In  exactly  the  contrary  direction,  just  above  Castor  and 
Pollux.     Course  about  5°,  leaving  no  perceptible  train. 

On  April  7,  S^  17",  a  ist-mag.  meteor  was  observed  by  Mr. 
Dunkdn  at  Blackheath*.  It  passed  across  Monoceros  from  95° 
+  5°  to  125°  —5°.  Duration  about  2  sees.  No  train.  This 
meteor,  together  with  that  of  April  4,  10**  7",  observed  at  Green- 
wich and  Bristol,  appears  to  have  radiated  from  the  E.  r^on  of 

*  Seen  also  near  Oxford  at  S*^  18™  bj  a  correspondent  of  the  '  English  Me- 
chanic,' who  sajB  it  *'  travelled  an  immense  distance  across  the  skj  in  a  wavy 
line,"  but  unfortunately  omits  to  giye  any  particulars  of  its  path  amongst  the 
stars. 
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Aries,  where  certainly  no  shower  had  hitherto  been  detected.  The 
position  is  on  the  ecliptic  some  25°  following  the  Sun's  place ;  and 
it  is  worth  mention  that  the  comet  of  1702  (supposed  to  be  asso- 
ciated with  the  Taurids  of  November)  near  its  ascending  node  on 
April  22  passed  close  to  the  Earth ;  and  its  radiant-point  at  43^*5 
+ 1 1°*5,  as  calculated  by  Prof.  Herschel,  falls  extremely  near  that 
of  the  new  meteor-shower,  some  indication  of  which  is  to  be  found 
in  the  meteor-lists  of  foreign  observers.  A  magnificent  bolide  was 
seen  in  Italy,  April  3,  1869,  at  9**,  slowly  passing  from  79°  +47° 
to  131°  +46°.  On  March  30,  1872,  at  about  8**,  Prof.  Serpieri,  at 
Urbino,  noted  a  fine  meteor  with  a  path  from  6 1  j{°  —  9  J°  to  6  7  —  1 6°. 
Mr.  Main,  at  Oxford,  on  March  30,  1870,  8**  20",  described  a 
meteor  >  %  falling  &om  the  zenith  to  a  point  near  the  horizon  a 
little  south  of  east.  These  .several  observations,  in  conjunction 
with  the  recent  large  meteors  of  April  4  and  7,  indicate  the  region 
between  Aries,  Musca,  and  Taurus  as  the  diverging  centre  of  a 
conspicuous  meteor-shower,  visible  soon  after  sunset  on  the  first 
few  nights  of  April ;  and  its  curious  position  on  the  W.N.W. 
horizon,  and  the  fact  that  it  may  be  allied  to  the  comet  of  1702 
(and  is  therefore  merely  a  revival  of  the  Taurids  of  November), 
gives  it  additional  importance,  and  leads  to  the  hope  that  it  will  be 
attentively  looked  for  in  future  years. 

Prof.  P.  F.  Denza,  of  the  Observatory  at  Moncalieri,  has  for^ 
warded  the  writer  a  list  of  175  meteor-paths  recorded  at  Italian 
stations  in  the  months  of  January  and  February,  and  of  200 
registered  in  March.  These  include  several  fine  meteors  compa- 
rable with  Jupiter : — 


Time.          From                To 

1880. 

h    m          0         0           0          0                 ,         , 

Jan.    4.. 

S  30     212  +65     254  +55     Very  slow;  long  streak. 

Feb.    4. 

10    6        0  -t-88       24  +67     Very  slow;  train. 

6.. 

10  17     171  +44     196  -1-45     Slow;  train. 

14. 

10  36     148  +19     131  -fio     Slow;  train. 

Mar.   I. 

9    8     177  +15     196  -h  4    Slow. 

3- 

9  51     192  -1-54     147  -  4    Slow;  long  streak;  12 

seconds. 

OnMfl 

a-ch  17,  8**  5",  a  bright  ist-rtag.  meteor  was  seen  by  the 

writer  at 

Bristol  with  a  slowish  course  from  209°  -\-4f  to  237° 

+  52^;  and  on-  March  18,  8**,  Mr.  Corder  at  Chelmsford  saw  an 
emerald-green  meteor =Sirius  almost  stationary  above  y  Virginis 
for  perhaps  3  or  4  sees.  Its  path  was  from  188^  +2°  to  189° 
±0  .  These  meteors  were  evidently  members  of  a  shower  from 
close  to  /3  Leonis  (  =  Greg's  No.  28  at  175°  + 14°,  Jan.  8-March  3 1, 
Virginida  I.),  which  has  been  independently  found  by  many  ob- 
servers, and  supplies  some  brilliant  slow-moving  meteors  in  March. 

W.  F.  DBimiHG. 
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CORRESPONDENCE. 

To  the  EdUor  of  *  The  Oheervaiory! 

The  Markings  on  Mars. 

Sib,— 

I  beg  to  send  you  a  new  memoir  on  the  planet  Mars.  I 
see,  in  No.  36  of  the  'Observatory/  p.  369,  which  I  have  just  re- 
ceived, that  a  discussion  arose  at  the  Meeting  of  the  Astronomical 
Society,  on  March  12,  on  certain  details  in  the  map  of  Mara.  My 
memoir  therefore  comes  opportunely,  and  I  think  it  may  be  useful 
to  send  you  in  this  letter  some  reflections  on  the  subject  of  this 
discussion,  which  may  perhaps  interest  your  readers. 

I  see  by  this  discussion  that  Mr.  Green  is  inclined  to  receive 
with  extreme  distrust  all  detail  which  relates  to  the  continents  of 
Mars.  It  must  be  admitted,  however,  that  these  details  must  exist 
and  that  the  principal  progress  of  Areography  will  consist  in  dis- 
covering and  fixing  them.  I  do  not  find  it  rational  to  consider  d 
priori  and  to  reject  as  atmospheric  all  the  peculiarities  of  which 
traces  have  been  established  on  the  continents  of  the  planet.  I 
see  with  pain  that  Mr,  Green  has  not  drawn  all  the  details  of  this 
kind  which  he  has  observed.  The  smallest  appearances  of  this 
sort  ought  to  be  catalogued.  For  my  part  I  do  not  think  that 
simple  differences  of  tint  could  give  rise  to  the  appearance  of  a  dark 
line — of  a  feature  like  the  canals  of  M.  Schiaparelli — at  the 
boundary  of  these  tints. 

An  eminent  observer,  Schroter,  observed  Mars  for  18  years  and 
persisted  in  asserting  that  we  do  not  perceive  the  surface  itself  of 
the  planet,  and  that  all  the  details  remarked  are  purely  atmospheric. 
He  asserted  that  if  identical  spots  reappeared  in  the  same  region, 
it  was  because  there  was  a  disposition  there  to  reproduce  identical 
atmospheric  conditions.  Let  us  beware  of  doing  now  for  i^e 
details  which  we  are  certainly  on  the  way  to  discover  on  the  cour 
tinents,  what  Schroter  formerly  did  for  the  general  configurations. 
Let  us  rather  follow  the  promising  line  of  research  opened  by  M. 
Schiaparelli*. 

I  regret  that  I  do  not  know  with  sufficient  certainty  which  were 
the  bands  in  the  neighbourhood  of  the  Kaiser  Sea,  referred  to  by 
Mr.  Knobel  at  the  Astronomical  Society,  for  I  should  certainly 
have  some  information  to  give  on  this  point. 

I  am.  Sir,  yours  faithfully, 

Lottvain,  Bd^iua,  F.  TebbT. 

1880,  April  J  X. 

White  Spots  on  Venus. 

SlE,— 

As  Dr.  Terby  of  Loavain  is  undertaking  a  study  of  the 
planet  Yenus  similar  to  that  which  he  so  ably  made  for  the  planet 

*  Mr.  Trouvelot  writes  to  me  that  he  has  seen  the  oanals  Soamander, 
XanthuB,  Alpheus,  Lcestrygonum,  Indus,  Chtnges,  Bosphoros,  Gigantum,  and 
Titanum. 
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Mars,  perhaps  it  is  worth  while  to  anticipate  a  memoir  on  Venus 
which  I  contemplate  publishing  some  time  tins  year.  I  began  my 
studies  on  Yenus  in  the  fall  of  187  5^  and  h&ve  continued  them  till 
now,  having  made,  so  fa^,  nearly  400  observations  of  this  planet 
and  49  drawings.  Sevend  of  the  observations  are  interesting,  and 
sbuncjantly  prove  the  existence  of  an  atmosphere  of  great  density 
and  variability. 

From  Nov.  13,  1877,  till  Feb.  7,  1878,  two  remarkable  white 

r's,  strongly  reminding  me  of  those  seen  on  Mars,  have  been 
rved  on  the  opposite  limbs,  near  the  extremity  of  the  cusps. 
The  southern  spot,  whidi  always  appeared  the  brightest,  became 
very  prominent  &om  Jan.  16,  1878,  till  Feb.  5,  and  appeared  then 
to  be  composed  of  a  multitude  of  bright  p^Ekks  forming  on  its 
northern  border  a  row  of  brilliant  star-like  dots  of  light.  After 
the  inferior  coi^unction,  which  occunsed  a  few  days  later,  the  white 
epots  were  no  more  visible.  This  phenomenon  has  bean  indepen- 
dently seen  by  Mr.  Seagrave  of  Providenise,  wil^  his  8-in  refractor. 

I  am,  Sir,  yours  very  truly, 
Ounbridge,  Ifaas.,  Marth  lo,  1880.  L.  Tboutelot. 

The  Red  Spot  oh  Jupiter. 

Sm,— 

Since  my  first  observation  ot  the  *'  Bed  Spot  ^'  on  Jupiter, 
on  September  25,  1878, 1  have  made  137  drawings  of  this  planei}, 
46  of  which  represent  the  red  spot  in  various  positions.  It  was 
last  seen  by  me  on  February  22,  1880,  at  6**  6",  Q-.  M.  T.,  when 
its  preceding  end  was  on,  or  very  near,  the  central  meridian.  During 
this  period,  the  red  spot  has  gone  through  many  changes  of  form, 
but  when  last  observed  it  was  almost  pe^ectdy  elliptical,  and  was 
0nrrounded  by  a  luminous  ring.  Its  mean  period  of  rotation,  as 
obtained  from  my  observations,  is  35738**6;  but  evidently  it  had  a 
proper  moticm,  as  shown  by  the  great  irregularity  of  its  movements. 
This  and  otiier  particulars  concerning  this  spot  and  other  markings 
on  Jupiter  I  intend  to  discuss  in  a  future  memoir. 

I  am,  Sir,  yours  very  truly, 

Ofunbridgv,  Maes.,  Mareh  20,  1880.  L.  TaOXTVIILOT. 

The  Total  Eclipse  of  the  Moon,  1880,  June  22. 
Sm,— 

Be  good  enough  to  allow  me  to  direct  the  attention  of 
foreign  and  colonial  astronomers  to  the  total  lunar  eclipse  of  June 
npxt. 

In  this  eclipse  the  Moon  may  disappear  completely  from  view. 
Observations  pf  such  eclipses  have  been  very  rare.  Within  the 
last  709  years  there  are  records  of  only  six,  and  of  all  of  them  it 
was  observed  that  during  the  eclipse '"  nothing  of  the  Moon  was 
seen."    These  eclipses  all  occurred  in  April,  May,  or  June. 

I  am.  Sir,  your  obedient  Servant, 
Dolwioh,  April  la.  B*  G.  JekKIKS. 
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BrilUant  Meteor. 
Sib,— 

Yesterday  evening,  about  V"  15",  a  very  brilliant  meteor 
appeared  just  under  Sinus  and  rushed  eastward  parallel  to  the 
horizon,  vanishing  at  about  S.S.E. 

I  am,  Sir,  your  obedient  Servant, 

AioTA  Stubgbs  Boubitk, 
Crookham  EnoU,  Famham, 
1880,  April  8. 

The  Nebula  in  the  Pleiades. 
Sib,— 

With  reference  to  the  remarks  made  by  Mr.  Ck>mmon  at 
the  last  meeting  of  the  B.  A.  S.  on  the  nebula  in  the  Pleiades,  I 
may  say  that  I  looked  for  this  nebula  on  many  nights  during  the 
past  winter,  using  my  lo-inch  (Calver)  mirror,  and  I  cannot  say 
that  I  ever  saw  any  tiling  very  like  what  either  Mr.  Common  or 
Mr.  Hall  has  drawn ;  I  merely  caught  at  times  a  very  faint  glow 
dose  to  Merope,  chiefly  north  and  south  of  it,  but  could  not  make 
out  any  thing  more  definite,  and  did  not  see  a  tail  of  light  stretch- 
ing in  any  direction.  Of  course  Mr.  Common's  great  aperture  has 
enormous  advantage  in  this  kind  of  work,  and  we  cannot  hope  to 
see  all  he  sees  or  compete  with  him  in  any  way.  All  interested  in 
this  group  should  read  Mens.  C.  "Wolfs  very  interesting  paper  on 
it,  published  some  two  or  three  years  ago  in  the  *  AnnaJes '  of  the 
Paris  Observatory*.  Mons.  Wolf  sees  nebulous  matter  almost 
entirely  surrounding  the  group.  I  may  add  that  I  see  many  small 
stars  which  are  not  in  Mons.  Wolfs  map,  though  I  understand 
that  he  inserts  therein  all  the  stars  he  sees  with  at  least  12  inches 
aperture.  There  is  one  little  star  especially  which  it  seems  curious 
he  missed ;  it  lies  close  to  the  little  triangle  p  Alcyone,  sp  the 
most  p  stiar  of  the  triangle.  Mr.  Johnson,  of  Birkenhead,  has  also 
seen  this  faint  star,  without  previous  knowledge  of  its  position, 
with  his  9-inch  mirror. 

I  remain,  Sir,  yours  faithfully, 
Bathfern,  Baynen  Boad,  JamES  L.  M^CahOB. 

Putney  Hill,  1880,  April  16. 

OccuUation  of  f  Cancri. 

Sib,— 

This  was  well  observed  here  on  the  evening  of  April  17, 
the  atmospheric  conditions  being  peculiarly  favourable.  The  occul- 
tation  presented  some  special  points  of  interest,  on  account  of  l^e 
star  being  double  (really  triple)  and  also  as  a  means  of  determining 
whether  a  near  approach  (as  described  in  the  N.A.)  or  an  actuiu 
occultation  would  take  place. 

The  difference  in  latitude  is  about  5  minutes  south  of  Greenwich. 

With  a  view  to  obtain  the  best  possible  definition  of  the  dark 

*  *  Annales  de  rObeerratoire  de  Paris,*  Vol.  riv. 
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edge  of  the  Moon  a  low  power  (60)  was  used,  and  with  this  t^e 
division  of  the  star  was  very  distinct. 

The  following  particulars  were  observed : — When  Star  No.  i. 
touched  the  Moon's  edge,  the  light  gradualVy  went  out,  occupying 
apparently  one  second  to  a  second  and  a  half,  then  an  interval  of 
a  second,  when  Star  No.  2  touched  the  edge,  and  a  gradual  fading 
again  occurred  lasting  perhaps  half  a  second,  followed  by  the  sudden 
extinction  usually  observed  in  these  cases. 

The  angle  at  which  the  stars  met  the  Moon's  edge  was  exceed- 
ingly acute,  indeed  nearly  a  parallel  line ;  and  the  gradual  fading 
of  Star  No.  i  may  have  been  partly  owing  to  tins,  and  partly 
to  the  effect  on  the  eye  of  the  light  thrown  by  No.  2.  The  sudden 
extinction  of  No.  2  after  a  momentary  fading  was  owing  to  meeting 
a  prominence  on  the  Moon's  edge. 

But  still  it  is  difficult  to  believe  that  these  can  have  been  true 
causes,  and  an  atmospheric  hypothesis  would  more  easily  account 
for  that  which  is,  at  any  rate  to  me,  a  most  unusual  phenomenon. 

The  exact  time  of  the  occurrence  was  lo*'  40"  30'  Q-.M.T. 

Possibly  this  occultation  may  have  been  witnessed  by  others  on 
or  near  my  latitude ;  and  if  so,  I  shall  be  curious  to  hear  with  what 
result. 

My  instrument  is  a  6-inch  equatorial  by  Cooke. 

I  am,  Sir,  yours  faithfully, 

Audley,  Bath,  1880,  April  19.  J.  L.  Stothert, 

SiB,— 

Since  writing  the  foregoing  I  have  examined  f  Oancri,  and 
find  that  the  star  described  as  No.  i  is  the  double  (A,  B),  and  No.  2 
the  single  (C)  of  the  trinary  star. 

My  instrument  donates  but  does  not  clearly  divide  No.  i  (A,  B). 

The  centre  line  joining  the  component  parts  of  No.  i  is  roughly 
at  right  angles  to  the  ecliptic ;  and  consequently  A  would  entirely 
disappear  before  B  touched  the  Moon's  edge,  and  this  would  pre- 
sent some  degree  of  inequality. 

This  combination,  together  with  the  momentary  retention  of  the 
star's  image  on  the  eye,  may  to  some  extent  account  for  the  gradual 
extinction  of  light,  but  not  wholly  so. 

I  am,  Sir^  yours  faithfully, 

Audley,  Bath,  1880,  April  24.  J.  L.  Stothebt, 

The  Secular  Acceleration  of  the  Moon. 

Sib,— 

"With  reference  to  my  investigation  of  the  value  of  the 
Acceleration  of  the  Moon's  mean  motion,  the  following  deductions 
may  be  interesting. 

In  the  Moon's  orbit  i"  =  6000  feet  very  nearly.  In  a  century, 
therefore,  the  Moon  is  accelerated  60,000  feet.  In  the  first  year 
the  acceleration  is  6  feet ;  in  the  second  year  18  feet  additional, 
and  so  on.  This  is  additive  to  the  computed  longitude  whether 
before  or  after  the  epoch. 
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In  a  century  the  Moon's  distance  is  changed  by  _ ????  feet. 

Now  t  for  IOC  years  is  8400,  and  the  Moon's  distanee  is  changed 

in  a  century  by  *a^^  feet,  or  7*14  feet;  inoneyearitisdhanged 

by  0*0714  of  a  foot,  or  less  than  an  inch.  This  change  proceeds 
nnif ormly ;  for  erery  year  before  the  epodi  the  distance  is  addi- 
tionally greater  than  the  computed  distance,  and  for  every  year 
after  the  epoch  it  is  additionally  less. 

Wherever  B6  ooours,  we  may  use  i^e  value  found  thus : — ^In  a 
century,  ^  or  /U*,  or  —  B6.^,  or  — B6  (8400)'=  60,000  feet. 

Theref6r0  Bb  (without  respect  to  sign)^  ^. '.^   feet=»  — ^^et^ 

0*123  inch. 

I  am,  6ir,  yours  fiiithfully, 
Bo^rsl  Obfloryatory,  Greenwidi,  ft.  B.  AlBT. 

1 8^0,  April  24. 


NOTES. 

The  LiiOT  of  the  Solab  SpBOTEtJM  nr  the  XTltba-Violet  ♦. — 
On  a  former  occasion  (*  Observatory,'  No.  16,  p.  127)  we  gave  an 
account  of  M.  A.  Comu's  work  on  the  ultra-violet  end  of  the 
Solar  spectrum.  He  has  since  continued  his  researches,  which  were 
primarily  intended  to  determine  i^e  law  of  decrease  of  imghtness 
of  the  Solar  spectrum  towards  the  violet  and  thus  to  throw  light 
on  the  difficult  question  of  the  temperature  of  the  Sun's  photo- 

X^ere ;  but  which  have  been  perforce  directed  to  a  study  ot  the 
orptive  effect  of  our  atmosphere — an  ^ect  so  en^getic  t^at  it 
cuts  off  almost  abruptly  the  greater  part  of  the  ultra-violet  in  the 
spectrum. 

M.  Cornu's  method  of  determining  this  atmosph^c  absorp- 
iion  is  to  observe  the  limit  of  the  spectrum  on  photographs  taken 
at  different  hours  of  the  day.  By  adcmting  the  sune  photographic 
process  (bromo-iodized  collodion  and  u*on  developer)  and  tike  same 
exposure  throughout,  strictly  comparable  results  are  obtained.  Ajb 
a  matter  of  fact,  t^e  composition  of  the  coHodion  and  the  lengi^  of 
the  exposure  have  very  little  effect  on  the  limit  of  the  spectrum. 
From  four  photographs  taken  on  the  same  plate  M.  Comu  finds 
that  an  exposure  of  ;*  gives  506^  tenth-metres  as  the  limit  of  the 
spectrum,  s'  1^^^  3010,  2o»  gives  ^985,  and  iqo*  ?975»  From 
these  results  it  would  follow  that  an  exposure  of  400'  would  only 
extend  the  limit  5  tenth-metres.  Thuf  in  clear  weather  there  is 
no  occasion  to  prolong  the  exppsure  beyond  two  or  thxee  minutes. 

In  discussing  his  results  H.  Comu  lays  them  down  on  a  curve,  in 
which  the  absciss^  are  the  wave-lengths  of  the  limit  of  the  ^p{&o- 
trum  and  the  ordinates  the  log  sin .  Sun's  altitude.   The  thickness  of 

*  Comptee  Bendos,  toI.  Izzxriii.  No.  12  and  vol.  Ixxxix.  No.  10. 


Digitized  by 


Google 


1880.]  Notes.  421 

atmosphere  traveraed  being  inverselj  proportional  to  the  sin .  Son's 
altitude,  the  curve  for  any  one  day  should  be  a  straight  line,  which 
is  found  to  be  the  case.  Taking  results  for  the  same  altitude  at 
different  seasons,  the  transparency  of  the  atmosphere  for  the 
tdtra-yiolet  seems  to  increase  in  September  and  October,  and  to 
continue  to  do  so  even  in  December  i»id  January;  but  this  last  in- 
crease may  be  due  to  the  circumstance  that  only  days  of  excep- 
tional transparency  are  available  in  winter.  From  more  than  loo 
photographs  at  various  hours  of  the  day  M.  Comu  gets  the  empiri- 
cal formula,  sin  Aaro*49X  io-o<»5*"75(a-iooo)^  where  h  is  Sun's 
altitude  and  X  the  wave-length  (in  tenth-metres)  of  the  limit  of  the 
spectrum.  The  extreme  limifc  ever  reached  was  3930,  and  that 
was  only  attained  twice. 

In  order  to  determine  the  effect  of  elevation  above  the  Earth's 
surface  on  the  limit  of  the  spectrum,  M.  Comu  took  several  series 
of  photographs  at  the  Eiffel  (2570  metres  about  the  sea)  and  also 
on  the  Eighi  (1650  metres).  Considering  the  vaunted  purity  of 
the  air  on  mountain  heights,  he  was  disappointed  to  find  but  a  very 
slight  extension  of  the  spectrum,  though  the  result  agreed  with 
the  conclusion  he  had  arrived  at  d  jpriort.  From  the  observations  in 
Switzerland,  it  appears  that  the  extension  of  the  limit  of  the  solar 
spectrum  is  only  10  tenth-metres  for  eveiy  900  metres  of  altitude, 
a  result  quite  disproportionate  to  the  difficulties  to  be  overcome 
in  obtaining  photographs  at  elevated  stations.  There  would  thus 
seem  to  be  little  prospect  of  extending  to  any  appreciable  extent 
our  knowledge  of  the  ultra-violet  end  of  the  Solar  spectrum.  The 
spectra  of  metals  have  been  mapped  very  far  beyond  the  point  at 
which  our  atmosphere  cuts  off  the  spectrum  of  the  Sun. 

Fhotogeaphs  op  Sfectea  op  Stabs  jlstd  Planets*. — Dr.  H. 
Draper  has,  like  Mr.  Huggins,  for  some  years  past  been  devoting 
his  attention  to  photography  of  star-spectra,  and  he  has  obtained 

Jhotographs  of  tie  spectra  of  Vega,  Arcturus,  Capella,  a  AquilaB, 
upiter,  Mars,  Venus,  the  Moon,  &c.  The  spectra  of  Arcturus  and 
Capella  are  so  like  that  of  the  Sun  that  Dr.  H.  Draper  has  not  so 
far  detected  any  material  differences  on  his  photographs  ;  but  those 
of  Vega  and  a  Aquilse  are  totally  different.  In  the  case  of  Vega 
the  photograph  shows  eleven  lines,  only  two  of  which  are  certainly 
accounted  for;  two  more  may  be  calcium,  the  remaining  seven, 
though  bearing  a  most  suspicious  resemblance  to  the  hvdrogen  lines 
in  their  general  characters,  are  as  yet  not  identified.  Dr.  H.  Draper 
remarks  that  it  would  be  worth  while  to  subject  hydrogen  to  a 
more  intense  incandescence,  to  see  whether  photographs  of  its 
spectrum  exhibit  any  trace  of  these  lines,  which  extend  to  wave- 
length 3700.  In  this  research  Dr.  H.  Draper  used  a  spectroscope 
with  two  heavy  flint  prisms  mounted  on  his  1 2-inch  Clark  refrac- 
tor, the  2S-inch  reflector  not  being  available  at  the  time.  He 
remarks  that  a  refractor  has  an  advantage  for  this  work  whaxh  does 
not  appear  at  first  sight.  Since  it  is  not  perfectly  achromatic,  if 
*  Amerioan  Journal,  1S79,  I^^cember. 
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the  slit  be  placed  at  the  focus  for  the  ultra-violet  rays,  the  focus 
for  F  and  G  will  &dl  within,  and  thus  a  spectrum  may  be  formed 
tolerably  wide  for  F  and  G,  and  which  gradually  diminishes  in 
width  towards  H,  and  becomes  almost  linear  for  M.  Thus  the 
effect  of  atmospheric  absorption  is  corrected  by  the  diminished 
width  towards  the  ultra-Tiolet,  and  the  same  exposure  will  do  fairly 
well  for  all  parts  of  the  spectrum  from  G  towards  H  and  M. 

The  Belatite  Bbiohtness  of  Lutes  nr  the  Sfectba  of 
Htdbooen  and  Nitbogen  ♦. — ^It  may  be  remembered  that  some 
years  back  Mr.  Huggins  made  some  experiments  to  determine 
whether  the  spectrum  of  nitrogen  might  not,  when  sufficiently 
diminished  in  brightness,  be  reduced  to  the  double  line  with  which 
he  had  found  the  principal  line  in  the  gaseous  nebul»  to  be  sensibly 
coincident.  M.  Fievez,  of  the  Brussels  Observatory,  has  recently 
made  some  further  experiments  in  the  same  direction.  Throwing 
an  image  of  a  vacuum-tube  by  means  of  a  condensing-lens  on  \he 
slit  of  a  spectroscope  with  dispersive  power  of  from  two  to  ten 
prisms,  and  reducing  the  pencil  by  means  of  a  diaphragm,  either 
variable  in  size  or  movable  between  the  lens  and  the  image,  he 
finds  that  in  the  case  of  hydrogen  the  lines  h  and  G  successively 
grow  shorter  and  fade  out  as  the  spectrum  becomes  hunter,  the  F 
une  alone  remaining  visible.  Similarly  with  nitrogen,  the  bands 
i,  iii,  V,  ii  (Pliicker's  notation),  and  the  lines  of  the  band  iv  fiwie 
out  successively,  leaving  only  the  double  line  corresponding  to  the 
nebular  line.  Thus  the  spectra  of  hydrogen  and  nitrogen  may, 
when  faint,  each  exhibit  only  a  single  line ;  and  from  this  M.  Fieves 
draws  the  conclusion  that  the  gaseous  nebulae  contain  nitrogen  and 
hydrogen,  and  that  the  relative  invisibility  of  the  other  lines  is  to 
be  explained  by  absorption  in  interstellar  space.  It  is  to  be  noted 
that  the  nebular  line  is  single  and  the  nitrogen  line  is  double,  luid 
that  Mr.  Huggins  has  more  recently  found  the  nebular  line  to  be 
coincident  with  one  of  the  nitrogen  lines  (the  less  refrangible). 

The  Gbsat  Southern  CJoMETt. — ^Dr.  B.  A.  Gould  has  made  a 
valuable  series  of  observations  of  this  comet  at  Cordoba,  extending 
from  Feb.  $  to  Feb.  19.  On  the  last-named  day  it  could  only  be 
recognized  as  a  scarcely  perceptible  whiteness  in  the  field  of  the 
large  equatoreal  of  28^  centimetres  (ii|  inches)  aperture;  and  on 
Feb.  20  it  could  not  bs  detect^.  No  nucleus  was  at  any  time  to 
be  seen,  the  head  appearing  cloud-like  and  filmy,  and  elongated  in 
the  direction  of  the  tail,  which  it  did  not  very  much  surpass  in 
brightness.  Dr.  Gould  remarks  on  the  great  faintness  of  both 
tail  and  head,  and  the  inordinate  length  of  the  tail,  which  was  35^ 
long  on  Feb.  2,  and  not  less  than  37°  long  when  last  seen  on  Feb. 
14.  It  was  then  seen  with  great  difficulty,  and  was  of  nearly  the 
same  brightness  throughout.     It  was  brightest  on  Feb.  7  or  8, 

*  Bulletins  de  TAoad^mie  Boyale  de  Belgique,  2*^'  s^rie,  tome  Ixix.  Na  2, 
1880. 
t  Aitronomische  Naohriohten,  Noe.  2307,  2308. 
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when  its  length  was  40^  and  its  breadth  [|^  but  its  brightness  not 
superior  to  that  of  the  Milky  Way  in  Taurus.  Carefid  drawings 
of  its  position  were  made  on  each  night  independently  by  two  ob- 
servers. 

From  the  positions  observed  on  Feb.  6,  12,  and  18,  Dr.  Gh)uld 
deduces  a  set  of  elements  agreeing  closely  with  those  found  by 
Mr.  Hind  from  rough  positions  (*  Observatory,*  No.  z^j  p.  390), 
and  bearing  a  striking  resemblance  to  those  found  by  Hubbard  for 
the  comet  of  1843. 

With  reference  to  this,  Dr.  Gk)uld  remarks  that  though  Prof, 
Hubbard's  exhaustive  discussion  of  the  observations  of  the  comet 
of  1843  resulted  in  an  ellipse  of  533  years,  he  called  especial  atten- 
tion to  the  large  changes  in  the  major  axis  which  might  be  made 
without  doing  violence  to  the  observations.  He  also  gave  with  the 
final  values  of  each  of  the  elements  the  coefficients  of  its  variation 
for  a  given  change  in  the  eccentricity.  Appl3ring  these  to  the  case 
of  a  period  of  175  years  upon  the  hypothesis  of  its  identity  with 
the  comet  of  1668,  he  found  that  this  only  implied  an  increase  of 
the  probable  error  of  a  single  observation  from  ±8"'44  to 
+  ii'''32.  Dr.  Gould  finds  that  if  the  same  coefficients  be  used 
with  the  variation  of  the  eccentricity  corresponding  to  a  period  of 
37  years,  the  probable  error  of  a  single  observation  is  increased  to 
+39"'05 ;  and,  furthermore,  the  discordances  are  clearly  systematic. 
But  he  does  not  consider  this  a  fatal  objection,  as  systematic  dis- 
cordances ought  to  be  expected  if  the  point  observed  was  not  the 
comet's  centre  of  gravity.  Prof.  Hubbard  also  had  called  atten- 
tion to  this  source  of  uncertainty. 

Dr.  Gould  remarks  on  the  suspected  identity  of  the  comets  of 
1668,  1702,  and  1843,  that  while  the  period  between  1668  and  1702 
was  a  few  days  less  than  34  years,  the  average  time  of  revolution 
between  1702  and  1843  would  be  35I  years,  and  the  period  has 
now  increased  to  36*9  years.  He  supposes  that  actual  friction  of 
one  side  of  the  comet  against  the  Sun  itself,  or  the  dense  portion 
of  its  atmosphere,  which  could  so  largely  modify  the  major  axis, 
would  also  afEect  the  other  elements.  Iji  conclusion.  Dr.  Gould 
suggests  the  inquiry  whether  the  observations  of  the  second  comet 
of  1806  are  compatible  with  such  an  orbit  as  the  present  one. 
There  are  also  records  of  a  comet  in  1 538  and  of  several  earlier 
ones  which,  he  thinks,  favour  the  hjrpothesis  of  identity  with  the 
recent  comet  and  of  a  gradually  increasing  period. 

In  view  of  the  difficulty  in  accepting  a  short  period  for  the 
comet  of  1843,  it  is  not  inconceivable  that  there  may  be  two 
comets,  such  as  those  of  1843  and  1880,  moving  in  the  same  orbit. 
Similarity  in  the  orbits  is  not  conclusive  of  identity. 

Bagooitatha  Chaby. — On  Thursday  evening  last  (Feb.  5)  there 
passed  away  from  amongst  us  an  unassuming  and  distinguished 
native  gentleman,  Chintamanay  Bagoonatha  Chary,  F.E.A.S., 
Head  Assistant  in  the  Madras  Observatory  for  the  last  seventeen 
years.    Attached  to  that  institution  for  a  period  of  over  thirty-five 
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Tears,  he  served  in  8uooessio&  in  erery  grade  under  the  late  Major 
W .  S.  Jacob,  CJolonel  W.  K.  Worster,  Colonel  J.  F.  Tennant,  E.B., 
and  the  present  Astronomer,  and  won  the  esteem  and  regard  of 
each  by  his  intelligence,  assiduity,  and  attachment  to  the  pursuit 
he  had  adopted.  His  strict  honesty  and  ready  skill  as  an  observer, 
combined  with  accuracy  and  speed  in  computation^  and  a  hsr  and 
useful  amount  of  self-acquired  mathematiad  knowledge,  rendered 
him,  until  disabled  by  impaired  health,  invaluable  in  tiie  Observa- 
tory ;  and  the  chief  share  in  the  Catalogue  of  Stars  in  hand,  with 
the  Transit  Circle,  since  1862,  comprising  already  over  38,000  se- 
parate observations,  is  due  to  his  personu  exertions,  besides  many 
other  special  researches  of  a  nature  not  often  undertaken  by  ordi- 
nary assistants  in  observatories.  His  first  paper  communicated  to 
the  Eoyal  Astronomical  Society  of  London,  '*  On  the  Determinatioa 
of  Personal  Equation  by  Observations  of  the  Projected  Image  of 
the  Sun,"  was  dated  25th  April,  1859,  and  was  followed  by  other 
occasional  contributions  highly  creditable  to  tlieir  author.  He  waa 
elected  a  Fellow  of  the  Boj^  Astronomical  Society  in  January 
1872,  upon  the  jdnt  recommendations  of  his  immediate  chief,  the 
GK>vemment  Astronomer,  and  Mr.  E.  B.  Powell,  O.S.L,  ihssi  Direo^ 
tor  of  Public  Instructicm.  He  was  twice  suocesafnlly  mgaged  in 
observations  of  total  eclipses  of  the  sun :  on  the  first  occasion  in 
August  1868,  at  Yunpurthy,  in  the  Nizam's  dominions,  in  inde« 
pendent  charge  of  a  branch  expedition  for  the  purpose ;  and  on  the 
second,  in  December  i87i,at  Avenashy,  in  the  Coimbatore  district. 
He  was  the  first  and  only  native  of  India  who  has  yet  entered  the 
lists  as  a  discoverer  of  new  celestial  objects,  having  detected  two 
new  variable  stars,  vis.  B  Eeticuli  in  1867,  and  Y  Cephei  in  1878. 
As  editor  of  the  astronomical  portion  of  the  'Asylum  Press 
Almanac '  and  of  a  native  calendar  published  on  his  own  responsi^ 
bility,  he  has  been  before  the  public  for  the  past  twelve  years ;  and 
he  latterly  took  great  interest  in  delivering  public  lectures  on  Ab« 
tronomy,  with  a  view  to  enlighten  his  countrymen  upon  the  subjecti 
and  to  convince  them  of  the  absurditv  of  their  notions  in  r^ard  to 
celestial  phenomena,  by  familiar  explanations,  in  simple  terms,  of 
the  true  principles  of  the  science,  as  opposed  to  the  ignorant  sup^^ 
stitions  and  rough  predictions  of  Hindoo  astrologers  and  empirics 
of  the  old  school. — Madras  Mail, 


New  Combt. — J.  M.  Schaberle,  Assistant  at  the  Ann  Arbor  Ob- 
servatory, discovered  a  comet  with  a  tail  3'  long,  on  April  6,  at  n^ 
Washington  M.T.,  in  E.A.  7*^  20"  Dec.  84°  25'  N.  The  comet 
was  observed  at  Pola,  Strassburg,  and  Yienna  on  April  10,  11,  and 
13  respectively;  and  a  circular  of  the  Yienna  Academy,  dated 
1880,  AprU  15,  gives  the  following  elements  and  ephemeris,  calcu- 
lated from  these  observations  by  Dr.  J.  Holetschek  and  E.  Zelbr : — 

Comet  1880  6.    Per.  Pass.  1880,  June  11-7666  Berlin  M.T. 
Long.  Per.     25°  51'  19"        Inclination  123**  40'  13" 
Long  Node  254    17   15  Log.  Per.  Dist.  0*28667 

Mean  Equinox  i88o'o. 
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i89o. 

B.A. 

Dec. 

Log.  A. 

April  30.. 

6^  14-  43' 

67^  37''8  N. 

0-3513 

May     4.. 

6    15    38 

65    19-3 

0*36 1 6 

8.. 

6    17      2 

^Z     9'^ 

0-3718 

12.. 

6   18    45 

61      76 

0-3816 

Log.  r. 
0-3019 
0*2992 
0*2968 
0*2946 


Brightndc 
0-86 
0*83 
o*8o 
0*77 


The  brightness  on  April  lo  is  taken  as  I'oo. 

From  observations  on  April  26  Major  Tupman  finds  that  at  that 
time  the  ephemeris  required  a  correction  of  +io*  in  R.A.  and 
— 8'*i  in  N.P.D.  The  comet  was  of  about  9I  mag.,  with  a  nucleus 
and  a  tail  6'  long.  ___ 

Thb  Ee7.  E.  Ledger  will  di^Tef  lectures  at  Gresham  College 
Basinghall  Stieet,  KG.,  at  6  y.m.,  aa  follows : — ^May  3,  4,  and  5, 
on  Jnpiter^s  Satellites ;  May  7  on  Saturn.  The  lectures  will  be 
illustrated  by  the  lime  light.  Editob. 

Aitronomical  Memoranda,  1880^  May. 

Sun.  May  i,  sets  7**  21**,  rises  16^  31";  May  15,  sets  7**  43", 
rises  16*  8";  May  31,  sets  8**  4™,  rises  15*  50". 

Equation  of  timej—Sun  before  Clock,  li^y  i,  3"  5^;  May  11, 
3*  48* ;  May  21,  3"  35';  May  31,  2"  31*. 

Sidereal  Time  at  Mean  Noon: — May  i,  2''  39"'^;  May  11, 
3^  i8»*6;  May  21,  3*^  58»-o;  May  31,  4^  37»*4. 

Moon. 


May 


rises. 
h      m 


I. 
2. . 
3. 

4. 


14 
14 


s.-u 

6.. IS 

7. 

8. 

0. 
10., 


43 
2 

18 

34 

S2 

9 

15     29 

sets. 

8  22 

9  23 


May  II 
12 


sets. 
h      m 


10 
10 

I3«" 
14. .12 

IS-I2 

16. .12 

17. .13 
18. .13 
19.. 13 
20.. 13 


15 
59 
34 
2 
26 

44 
I 

19 
36 
56 


May  21. 
22. 

23. 
24. 

25- 


sets. 
h      m 
.14     18 

.14     50 
.    rises. 

.  8    53 


58 
26.. 10  47 
27.. 11  20 
28.. II  46 
29. .12  7 
30.. 12  25 
31  .lii  41 
8,  18^  16*;  First 
39" ;  Last  Quarter, 


Last  Quarter,  May  i,  i**  53"*;  New,  May 
Quarter,  May  16,  22^  24" ;  IiJl,  May  23,  18^ 
May  30,  io*»  S3". 

Mercury  is  a  morning  star,  moving  from  greatest  elongation  west 
(on  April  25)  towards  superior  conjunction  (June  2).  He  is  in 
conjunction  with  Saturn  (41'  S*)  on  May  6,  and  with  Yenus  (25'  S.) 
on  May  19. 

Venus  is  a  morning  star  appro^uJiing  superior  conjunction. 
She  rises  half  an  hour  before  the  Sun.  The  illuminated  portion 
of  her  disk  is  0*961  on  May  16,  and  0*991  on  June  15,  and  the 
corresponding  diameters  io"*2  and  9"*  7. 


Digitized  by 


Google 


426  ABtronomical  Memoranda.  [No.  37. 

May    I,  E.A.  i*  aa^-S,  Dec.    f  4'  N.,  tr.  22»»  44",  rises  16^    2" 
May  31,  3  45  7,  '9   3  N.,        23     9  15   21 

itfar«  is  an  eyening  star,  moving  from  G^nini  to  Cancer. 
May    I,  E.A.  6^  5o"'5,  Dec.  24°  33'  N.,  tr.  4*^  ii"  sets  12^  35" 
May  31,  867  21   43  N.,       3   29  11   34 

Jupiter  is  a  morning  star  in  Pisces.     There  are  no  phenomena  of 
the  Satellites  favourable  for  observation  at  Greenwich. 
May    I,  E.A.  o^  26»-o,  Dec.  i®  36'  N.,  tr.  21**  44™,  rises  15^  31" 
May  31,  o  48  -4  3    54  N.,       20     8  13   45 

Satwm  is  also  a  morning  star  in  Pisces. 
May    I,  E.A.  1^  2  3»-4,  Dec.  6^  21'  N.,  tr.  22^  41-,  rises  16^    5- 
May3i,  i   36  -i,  7   3^   N.,       20   56  14   14 

Uranus  is  an  evening  star,  stationary  in  Leo. 

May    I,  E.A.  10^  28"-2,  Dec.  lo**  27'  N.,  tr.  7*  48" 
May  31,  10  28  "6,  10   23  N.,        5    50 

Plienomena. 
G.M.T. 
h     m 
May    I       3        Venus  J  Saturn^ 
Venus  47'  N. 
I       7        Neptune    in    conjunc- 
tion. 
6       2        Mercury  J  Saturn^ 
Mercury  41'  S. 
16     10  47  h  Leo  Oc.  D.  35 1^         I  ture, 

Editob. 

Puhlieations  received : — Sir  G.  B.  Airy,  Theory  of  Errors  of  Ob^ 
servaiions^  3rd  edition,  revised  (Macmillan,  London,  1879) — Prof. 
C.  A.  Young,  Measures  of  the  EquatoreaX  and  Polar  Diameters  of 
Mars  (Amer.  Journ.  1880,  March) — ^Prof.  George  Forbes,  CM 
Comets  and  XJUra^Neptunian  Planets — F.  Terby,  Memoire  d  Tap-  ^  / 

pui  des  remarquahles  observations  de  M,  Schiaparetli  sur  la  planets 
Mars  (F.  Hayez,  Bruxelles,  1880) — Memoirs  R.  A.  S.  Vol.  :dL^ 
Observations  made  during  Total  Solar  Eclipses,  collated  by  A.  C. 
Eanyard — Reports  on  Telescopic  Observations  of  the  Transit  of  Mer^ 
cury,  1878,  May  5-6,  Washington  Observations  1876,  Appendix  H. 
(Washington,  i879>—D.  P.  Todd,  Observations  of  the  Transit  of 
Mercury,  1878,  May  5-6  (Proc.  Amer.  Assoc.  1879,  August) — ^Or^ 
mond  Stone,  On  the  Extras-meridian  determination  of  Time  (Cincin- 
nati Society  of  Natural  History) — O.  Lohse,  Ueber  einige  Eigenr- 
schaften  der  Gelatine  mit  Riickstcht  auf  ihre  Verwendung  zur  Her- 
stellung  photographischer  Schichten  (Potsdam,  1880) — ^W.  T.  Lynn, 
Supplementary  Note  on  Changes  in  the  Error  of  Hansen's  Luna^ 
Tables  (*  Monthly  Notices,'  vol.  xl.  No.  5) — American  Journal  of 
Science,  1880,  April  (J.  D.  and  E.  S.  Dana,  Newhaven,  Conn.)— 
Ciel  et  Terre,  Nos.  3  and  4  (F.  Hayez,  Bruxelles,  1880,  April  i  and 
15) — Memorie  degli  Spettroscopisti  Italiam,  1879,  Sept.-Dec.  (Pa- 
lermo)— British  Quarterly  Review^  1880,  April  (Hodder  and  Stough- 
ton,  London).  Editob, 


O.M.T. 
h    m 
May  18      7  57  p«  Leo  Oc  D.  62^* 
19     16        Mercury  J   Veinu9^ 

Mercury  25'  S. 
23     12  26  [5253]  Oc  D.  78*'. 
14  SZ  [5286]  Oc  D.  32^. 
25       9        Uranus  in  quadra- 
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The  present  position  of  the  phmet  is  thus  detennined.  The 
mean  of  th^  four  dates  of  aphelion  disturbance  by  the  hypothetical 
planet  is  tbe  year  i  i6o  a.d.,  and  the  mean  longitude  of  the  planet 
at  these  four  times  is  287°.  From  the  year  1160  to  1880  it  must 
have  passed  oyer  258^,  thence  its  present  position  in  its  orbit  is  in 
longitude  185°, 

Pairly  good  results  have  been  obtained  from  the  hypothesis 
which  was  first  chosen^  yiz.  that  the  planet  mores  in  a  plane  in- 
clined to  the  ecliptic.  But  even  from  general  reasoning  it  is 
probable  that  if  the  dates  fit  in  for  an  orbit  inclined  53^  to  the 
ecliptic,  they  will  do  so  equally  well  for  other  orbits.  It  is  right, 
therefore,  to  see  what  would  be  the  present  position  of  the  pliuiet 
if  it  was  on  the  ecliptic,  and  if  it  attracted  each  comet  at  the  time 
when  it  came  nearest  to  the  aphelion-position  of  the  comet.  Thus 
we  deduce  a  motion  of  1°  in  2-96  years,  and  set  the  following 
dates  an4  longitudes  of  the  planet*  The  latitudes  of  i^elia  are 
also  given,  as  those  nearest  to  the  ecliptic  are  likely  to  give  the 
surest  indications  as  to  the  positi<Hi  of  the  planet ;  the  period  is 
also  given. 

Period      ApheL       ApheL       ApheL     Planet's 
Comet.         in  yean.      date.  lat  long.        long.        DiC 


1.  1840  iv  . . 

350 

A.  J/. 
968 

-zl 

0 
220 

0 
225 

0 
-  5 

n.  1843  i  ■  • 

376 

1655 

-36 

100 

98 

+  3 

ni.  1846  vii.. 

400 

1248 

+29 

340 

320 

+20 

IV.  1861 i  . . 

41S 

409 

+32 

37 

37 

0 

V.  1793"  •• 

422 

1582 

-47 

241 

.  • 

VL  1861  ii  .. 

419 

1651 

+30 

96 

97 

—  I 

Vra.  1855  ii  .. 

493 

1609 

-  9 

79 

82 

-  3 

The  only  comets  which  do  not  fit  in  fairly  are  Comets  m.  and 
v.,  of  which  the  latter  has  a  very  great  latitude.  It  is  i^e&Uy  a 
bad  argument,  unless,  indeed,  we  suppose  it  to  have  been  influ-: 
enced  by  the  planet  about  700  b.o.  It  seems  better  to  reject  this 
comet.  We  are  certain  that  Comet  IV.  dates  as  far  back  as  409, 
and  this  gives  us  an  excellent  means  of  determining  the  rate  of 
motion  of  the  pjanet.  ^^ 

K,  then,  at  the  mean  date  of  the  three  Comets  II.,  VI.,  and  Vll., 
1638  A.n.,  the  planet  was  in  the  longitude  there  determined,  viz. 
92**,  and  if  it  has  since  travelled  at  the  rate  of  i**  in  2*96  years,  it 
must  now  (1880)  be  in  the  position — 

Long.  174^  E.A.  ii»»  40",  N.PJ).  87^ 

Having  now  examined  the  two  hypotheses,  both  of  which  have 
wonderful  coincidences,  and  considering  the  strong  evidence  in 
favour  of  each.  Prof.  Forbes  proceeds  to  test  them  by  examining 
which,  if  either  of  them,  agr^  with  facts  in  the  case  of  such  a 
planet  as  Neptune,  which  luus  six  comets  associated  with  it. 
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Aphel.  Fdriod     DaAeof 

Comet        out.        O.         i.         «-.        /i.  Bate,      in  ybun.     ApheL 

1 32  346  41  43  +  1852  iv  70  1817 

n..,..  33  253  74  9«  +  1812  71  1777               i 

m 34  83  44  149  +  1815  70  1780 

IV 34  78  85  70  +  1846  iv  72  1810 

.V 35  3^0  19  79  +  1847  V  75  1810              ! 

VI.....  35  55  18  30s  -  1835  75  i798H»UeA 

Omitting  Halley's  comet,  which  has  returned  so  often  that  ifc 
cannot  be  included  in  the  present  research,  we  haye  the  following 
Table :— 


Period 

i^ 

Xt 

ApheL 

Pknet'g 

Comet 

in  yean. 

long. 

long. 

Dift. 

1. 

1852  iv 

..      70 

I817 

0 

-33 

0 
215 

0 

0 

« • 

ni. 

1815     .. 

..      70 

1500 

-39 

321 

329 

+  8 

n. 

1812     .. 

•■      71 

1635 

+  9 

256 

256 

0 

IV. 

1846  iv 

••      72 

I8IO 

—  12 

260 

259 

—  X 

V. 

1847  T . . 

••      75 

i8io 

-15 

260 

260 

0 

'  No  phme  passing  through  the  Sun  includes  many  of  these  posi- 
tions, hence  the  first  hypothesis  must  be  given  up. 

Comets  IV.  and  V.  have  about  the  same  longitudes  and  dates  of 
last  aphelion.  Thej  were  probably  affected  by  Neptune  on  the 
last  possible  occasion  ;.an<d  although  this  is  not  cerhiin,  it  is  the 
best  hypothesis  to  start  from.  Now  from  the  aphelion-distances 
we  would  assume  Neptune  to  be  about  30  Earth  s  radii  from  the 
Sun,  which  gives  a  yearly  motion  of  about  2°*2. 

Comet  II.  must  have  been  in  aphelion  in  the  years  1706  and 
1635.  But  if  in  1810  the  planet  was  in  Icmgitude  260^,  and  moved 
over  about  2^*2  a  year,  it  would  in  1635  have  been  in  longitude 
235**,  which  is  not  very  far  from  the  longitude  of  aphelion,  viz. 
256^.  By  assuming  the  planet  to  have  a  yearly  motion  of  2^-08,  it 
would  hanre  been  at  the  nght  spot  in  1635  to  influence  Comet  U. 
Comet  III.  was  in  aphelion  at  the  dates  1780,  17 10,  1640,  1570, 
1500  In  1500,  aocordmg  to  hypothesis,  the  planet  was  in  longi- 
tude 329^,  and  the  comet's  aphelion  longitude  is  321°.  Comet  I. 
does  not  seem  to  fit  in. 

From  18 10  to  1880  is  70  years,  which,  with  a  yearly  motion  of 
2^*08,  gives  the  longitude  of  Neptune  in  1880  equal  to  45^.  Its 
longitude,  deduced  &om  the  '  Nautical  Almanac,'  is  48°. 

This  remarkable  agreement  makes  it  probable  that  the  second 
hypothesis  (the  one  which  assumes  the  planet  to  move  in  the  plane 
of  the  ecliptic)  is  the  correct  one^  and  that  the  present  longitude 
of  the  new  pl^et  is  about  174°. 

It  was  impossible  to  test  the  method  by  means  of  the  Jupiter- 
group  of  comets,  because  they  are  not  g^ierally  visible  to  the  naked 
eye,  and  in  consequence  we  cannot  guess  when  they  were  first 
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affected ;  but  the  behayiour  of  Lezell's  comet  would  certainly  have 
indicated  the  whereabouts  of  Jupiter. 

Prof.  Forbes  has  also,  to  a  certain  extent^  studied  the  conditions 
of  the  more  distant  planet  (about  300  Earth's  radii).  But  the  in- 
vestigation cannot  be.  looked  upon  as  likely  to  be  very  accurate, 
since  the  elements  of  these  comets  of  Ions  period  are  not  known 
with  sufficient  accuracy.  There  is  an  orbit  which  would  embrace 
four  of  these  aphelion-positions  out  of  six,  while  a  fifth  is  not  far 
from  it.  This  orbit  has  the  longitude  of  ascending  node=:265% 
and  the  inclination  of  its  orbit 2545°.  ^^^  ^^  nearly  the  same 
plane  as  found  on  the  first  hypothesis  for  the  other  planet ;  and  had 
it  not  been  seen  from  the  analogy  of  the  Neptunian  comets  that 
the  second  hypothesis  was  the  correct  one,  this  would  have  been 
taken  as  evidence  that  for  these  external  planets  a  new  plane 
supplants  the  ecKptic.  The  present  position  which  is  deduced  for 
this  external  planet  is: — R.A.  22*^0",  Dec.  39° N.;  but  this  is 
not  at  all  likely  to  be  an  accurate  determination,  and  it  is  only 
with  respect  to  the  other  planet  that  Prof.  Forbes  feels  confident 
as  to  the  present  position. 

He  has  searched  through  a  number  of  star-catalogues  to  see 
whether  any  star  has  been  observed  in  the  position  of  the  nearer 
of  these  two  planets,  and  which  has  not  since  been  observed.  The 
only  star  as  yet  found  fulfilling  these  conditions  is  No.  894  of  the 
•Greenwich  Seven  Tear  Catalogue,'  i860.  Two  observations 
were  made  both  of  R. A.  and  N.P.D.,  from  which  its  position  was — 
E.A.  11^  19™  i4'"35,  N.P.D.  85°  3'  23"-57,  whilst  from  the 
cometary  calculations  the  hypothetical  planet  would  have  been  in 
E.A.  ii*»  8™,  N.P.D.  85°.  If,  then,  the  star  above  mentioned 
be  the  planet,  the  cometary  calculations  are  in  error  to  the  extent 
of  1 1",  or  nearly  three  degrees,  which  is  quite  possible. 

Prof.  Forbes  concludes : — "  I  think  that,  even  although  we  may 
not  be  absolutely  certain  that  the  position  of  the  nearest  planet  is 
at  present  in  RA.=  ii*'  40™  and  N.P.D.=87°,  still  we  may  feel 
very  confident  that  these  two  planets  do  exist ;  and  this  consi- 
deration in  itself  is  of  great  interest.  The  light  of  the  Sun  must 
take  15  hours  to  reach  the  nearest  of  the  two  planets,  and  45  to 
reach  the  outer  one ;  and  a  Centauri  is  only  750  times  further 
from  the  Sun  than  the  furthest  planet,  and  2240  times  further  than 
the  nearest  one.  Considering  the  probably  enormous  mass  of  the 
stars,  it  is  nearly  certain  that  they  must  influence  the  motion  of 
these  two  planets ;  and  if  we  have  the  good  fortune  to  observe 
either  of  them,  a  new  field  wherein  to  test  the  extent  to  which  the 
law  of  gravitation  holds  ^ood  will  be  immediately  opened  to  astro- 
nomers. Our  ideas  of  time  are  in  the  same  way  extended  when 
we  think  of  these  two  planets  revolving  in  periods,  the  one  of 
1000  and  the  other  of  5000  years ;  and  when  we  consider  that 
some  of  the  comets  introduced  by  the  most  distant  planet  were 
influenced  by  that  planet  tens  of  thousands  of  years  ago. 

"  In  conclusion  I  have  to  say  a  few  words  about  the  principles  of 
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the  method  which  has  been  adopted.  There  are  two  principles 
involyed : — First,  we  assume  that  when  a  comet  is  influenced  by  a 
j^anet,  so  as  to  cause  it  to  move  in  an  ellipse,  the  planet  tends  to 
destroy  that  part  of  the  comet's  motion  which  is  towards  or  horn 
the  Sun,  thus  causing  this  position  to  be  its  aphelion-position. 
Eren  were  the  investigation  of  Prof.  H.  A.  Newton,  whidi  sup- 
ports this  Tiew,  found  to  be  defective,  however,  we  should  still 
have  the  analogy  of  the  Jupiter  groups  of  comets,  of  the  Neptune 
group,  and  one  comet  and  severs!  meteor-streams  connected  in  the 
same  way  with  Uranus.  I  admit,  however,  that  the  theory  of  the  in- 
fluence of  planets  on  comets  is  well  worthy  of  further  investigation. 
"  The  second  principle  relates  to  the  relative  position  of  planet 
and  comet  at  the  time  of  influence.  The  hypothesis  to  which  I 
have  given  greatest  weight  is  that  which  supposes  the  planet  to  be 
in  that  part  of  its  orbit  which  is  nearest  to  the  aphelion-position, 
or  the  position  occupied  by  the  comet  when  it  was  so  influenced. 
Other  hypotheses  might  have  been  adopted ;  and  considering  the 
great  distances,  in  some  cases,  between  the  aphelion-positions  and 
any  point  in  the  planet's  orbit,  it  is  difficult  to  un^rstand  how 
this  hypothesis  agrees  so  exactly  as  it  undoubtedly  does  with  the 
motions  of  a  planet  at  that  distance  from  the  Sun.  Here  again, 
however,  in  default  of  a  complete  theory  of  planetary  influence  on 
comets,  I  have  felt  justified  m  working  on  the  hypothesis  stated, 
because  of  the  analogy  of  Neptune.  By  working  out  this  hypo- 
thesis with  the  Neptune  group,  I  immediately  deduced  the  true 
position  of  Neptune  to  within  3°,  or  almost  with  the  same  precision 
as  Adams  deduced  it  by  hb  splendid  research  on  TJranus.  I  think 
it  only  right  here  to  say,  that  when  making  the  computations  I 
was  ignorant  of  the  position  of  Neptune,  or,  rather,  I  had  a  notion 
that  the  planet  was  in  quite  a  different  part  of  the  heavens ;  and 
I  was  disappointed  with  my  work,  because  I  thought  it  gave  an 
erroneous  result,  until  I  consulted  the  <  Nautical  Almanac,'  and 
then  I  found  my  result  correct  within  3°.** 


On  the  Origin  of  PlaneU*. 

b  L^>lace^s  hypothesis  of  the  formation  of  planets  and  satallitee 
from  nebulous  rings  cannot  be  sustained  t,  we  may  condude  that 
each  planet,  at  its  origin,  was  separated  from  a  very  limited  are  of 
the  equatoreal  protuberance ;  or,  in  other  words,  tiiat  instead  of 
the  separation  of  a  ring,  the  centrifugal  force  produced  a  rupture 
at  the  point  of  least  resistance  in  the  equator^  belt.  Erom  tiie 
chasm  thus  formed  a  nebulous  mass  was  tiirown  out,  which  in  mo- 
cess  of  time  was  transformed  into  the  outermost  planet^.     The 

*  Bead  before  the  American  FhiloBophical  Society,  April  a,  1880.  Ocon- 
municated  by  the  Author. 

t  Proc.  Amer.  PhiL  Soc,  vol.  xviii.  p.  314.    '  Obeenratory/  No.  37,  p.  409. 

I  It  is  now  belieyed  by  astronomers  that  the  phenomena  of  t^nponuy  stars, 
such  as  those  of  1572,  1866,  and  1876,  are  produced  by  enormous  outbursts  of 
incandescent  matter. 
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tendency  to  separation  around  the  equator  would  thus  be  relieved, 
and  the  ellipfcicity  of  the  spheroid  temporarily  diminished.  Further 
condensation,  however,  would  again  increase  the  centrifugal  force 
until  another  rupture  or  outrush  similar  to  the  first  would  necessa- 
rily resxdt.  The  formation  of  planets  from  these  nebulous  masses 
may  thus  be  explained  without  the  necessity  of  supposing  such 
matter  to  have  been  slowly  collected  from  continuous  rings. 

The  origin  of  satellites  is  also  very  obviously  accounted  for.  In 
short,  where  the  ring  hypothesis  is  encumbered  with  difficulties  well 
nigh  insuperable,  the  theory  here  proposed  seems  less  open  to  ob- 
jection. J^ot  improbably,  however,  the  ancient  orbits  of  the  secon- 
dary system,  and  perhaps  also  of  some  of  the  primary  planets,  may 
have  difEered  to  a  considerable  extent  from  their  present  dimensions, 
as  is  shown  by  Mr.  Q-.  H.  Darwin  in  his  "  Tidal  Theory  of  the 
Evolution  of  Satellites  "*.  DAinsi*  Kibkwood. 


Double  Stars  for  June. 
Fob  the  most  important  pairs  see  the    *  Observatory,'  Vol.  iii. 
p.  53. 

2  3123.        E.A.  12^  o"-o,  Dec.  +69°  22'.    Mag.  7,  7. 

Elongated  by  2  and  Madler ;  single  to  De  in  1862  and  to  OS  in 
1867.    In  1832*20  5  found  it  thus  : — 289^7,  o"'3,  elongated. 

2  1602.        E.A.  12'  i»-i,  Dec.  +69°  44'.    Mag.  7-5,  9. 

i79°'i         i4"*49         1867*5         De. 

178  '8        15  "13  79*3        Cincinnati  Obs, 


S  1608. 

E.A. 

12" 

l^^S, 

Dec. 

- — o- 
+54^  5'. 

Mag.  7-5,  77. 

223° 

0 

n" 

•36 

i869*i 

De. 

Angle  undianged 

smce 

1830 ;  alight  increase  in  distance. 

S  1659. 

E.A, 

* 

12"' 

29--« 

;,  Dec 

.  -11'' 23 

.    Mag.  8,  8-1. 

AB 

351° 

•6 

27' 

•24 

1867-6 

De. 

350 

•I 

27 

•39 

79'3 

Cincinnati  Obs. 

AC 

69 

*2 

34 

•31 

67-6 

De. 

69 

•8 

35 

•07 

79'3 

Cincinnati  Obs. 

BC 

"3 

•2 

39 

•01 

67-6 

De. 

III 

•3 

40 

•08 

79a 

Cincinnati  Obs. 

AB  probably  unchanged.  In  AC  the  angle  has  not  changed, 
but  the  distance  has  increased  about  5"  since  1832.  In  BC  slight 
decrease  in  angle  and  increase  of  4"  in  distance  since  1832. 


*  '  ObBervatory,*  No,  17,  p.  79, 
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S  1669.        E.A.  i2*»  3S»-i,  Dec.  -12°  21'.    Mag.  6-5,  6-5. 

307°*2  5"7i       i866'3  Secchi. 

304  '4  5  73  79*2  Cincinnati  Obs. 

Slight  increase  in  angle  since  1828  :  the  measures  of  distance  do 
not  agree  well ;  they  range  from  9"*2  to  5"* 44,  the  former  being 
bf  H,  and  the  latter  by  2. 

61  Virginis.       EA.  13**  i2"*'2,  Dec.  - 17°  38'.    Mag.  4-5,  io"5. 

34S°±        73"'o         1783  H. 

22  '6       169  '3         1862  Knott. 

Large  proper  motion  in  A;  Flammarion  gives  it  —  o»*o7S  in  B.A. 
and  -Hi"-04inN.P.D. 

Joseph  Gledhill. 
Mr.  Edward  CroMle/a  Obseryatoiy, 
Bermenide,  Halifax. 


Meteor  Notes  for  June*. 

This  first  half  of  the  month  is  chiefly  available  for  observations  in 
the  absence  of  moonlight.  A  radiant  of  large  meteors  near  a  Scorpii 
should  be  looked  for  on  the  6th-7th ;  and  the  12th  and  29th-3oth 
are  also  dates  on  which  fireballs  have  been  recorded  with  more  than 
usual  frequency.  The  Draconids  (282®  +60^),  Aquilids  (299** 
-7°,  and  301°  +8°),  Cepheids  (317'*  +62°),  Lyrids  (280^  +34°), 
and  Coronids  (235°  +23°)  form  the  major  showers  of  the  month, 
and  there  are  radiants  in  Lacerta,  Pegasus,  and  Aquarius  visible 
in  the  morning  hours. 

Becent  Observations. — A  large  meteor  was  seen  at  Leicester  by 
Mr.  T.  Brewin  on  May  2,  9^  29"  G.M.T. ;  brilliancy  when  first 
seen  about  equal  to  a  4th  mag.  star,  rapidly  increasing  and  attended 
with  train,  until,  at  the  time  of  disappearance,  it  exceeded  Venus 
at  maximum.  Time  of  flight  3  sec.±".  Colour  bluish  white  at 
disappearance.  Mr.  Brewin  gives  a  diagram  of  its  path  from  about 
201°  +70°  to  65°  +78*^.  The  same  meteor  was  observed  by  Mr. 
Woodd  Smith  at  Mktlock,  Derbyshire,  May  2,  9**  28",  p.m.  He 
writes : — "  I  was  startled  by  the  light,  and  looking  up  saw  the 
meteor  pass  through  the  Gbeat  Bear  between  y  and  ^,  but  nearer 
to  y,  and  across  a,  disappearing  soon  afterwards."  The  projected 
tracks  give  a  radiant  just  below  the  equator  in  B.A.  217%  near  {i 
Yirginis,  and  close  to  the  centre  of  the  large  fireball  of  May  12, 
1878,  at  214°  -7^ 

Mr.  D.  W.  Barker  reportst  meteors  unusually  numerous  on 
July  28  and  29, 1879.  Between  o^  and  4**  a.m.  on  the  28th  average 
number  3  in  a  minute,  and  on  the  29th,  in  a  similar  interval,  2  per 

*  See  *  Observatory,'  Vol.  i.  p.  61.  VoL  ii.  p.  71,  and  Vol.  iii.  p.  55  for  further 
notes  on  June  showers. 

t  Monthly  Notices  of  the  B.  A.  S.  Vol.  xl.  p.  364  (April  1880). 
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minute.  He  gives  a  few  of  the  observed  paths,  which  sufficiently 
indicate  that  the  shower  of  Aquariads  was  in  considerable  activity, 
and  his  notes  are  important  as  confirming  the  marked  abundancy 
of  meteors  at  this  particular  epoch  pointed  out  by  the  writer  (see 
*  Observatory,'  Vol.  ii.  p.  164,  and  Vol.  iii.  p.  13^). 

Prof.  P.  F.  Denza  has  forwarded  a  list  of  80  shooting-stars 
registered  at  Moncalieri  between  April  2-12.  The  observations 
indude  a  fine  bolide,  seen  on  April  12,  9^  42"*,  with  a  path  from 
30®  +62°  to  29°  +45%  leaving  a  long  streak  and  moving  slowly. 

Mr.  E.  F.  Sawyer  recorded  6  Quadrantids  on  the  evening  of 
Jan.  2  (7**  to  8**  P.M.),  giving  a  rather  diffuse  radiant  at  about  227° 
+48^.  The  meteors  were  bright,  long,  and  generally  rather  slow. 
Major  Tupman's  shower  (No.  3)  at  145''  +5°,  Jan.  4-1 1,  1870, 
was  also  confirmed  on  Jan.  5-10.  7  meteors  (5  of  which  were 
seen  during  half  an  hour's  watch  on  the  7  th)  gave  a  well-determined 

fosition  at  140®  +7°.  Two  showers  were  slightly  traced  in 
'ebruary,  at  130°  +22%  Feb.  6-8th,  and  155°  +20°,  Feb.  8-9th. 
The  writer  at  Bristol  watched  for  the  return  of  Major  Tupman's 
Aqttariads  on  the  morning  of  May  3,  2**  15"  to  3^.  Only  two 
meteors  were  seen,  one  of  which,  very  ex^tly  recorded,  belonged 
to  this  shower.  It  ascended  between  the  stars  e  Pegasi  and  i  Cygni, 
and  indicated  the  radiant  at  a  point  slightly  E.  of  Mr.  Corder*s 
position,  at  334°  —5^,  for  this  shower. 

A  1st  mag.  meteor  was  seen  at  Bristol  on  April  30, 10^,  path 
from  233 J**  +8**  to  227*^  —10°,  length  19°,  not  very  swift ;  streak. 
Eadiant  near  /9  or  ^  Draconis.  On  May  14,  between  11**  and  11^ 
45",  4  meteors  were  seen,  of  which  3  were  conformable  to  a  radiant 
at  245°  +^4°'  W.  F.  Dekning. 


CORRESPONDENCE. 

To  ihe  Editor  of  *  The  Observatory  J 

The  Red  Spot  on  Jupiter^ 
Snt,— 

When  lecturing  upon  Jupiter  at  Gresham  College  last 
February  I  mentioned  a  point  in  connection  with  the  red  spot  and 
its  rotation-period  which,  it  has  been  suggested  to  me,  may  possibly 
be  of  some  interest  to  your  readers.  I  was  comparing  the  obser- 
vations and  drawings  of  Lord  Bosse  in  the  early  part  of  1873,  re- 
corded in  the  '  Monthly  Notices,'  Vol.  xxxiv.,  with  ike  recent  obser- 
vations and  drawing  of  the  spot.  It  is  well  known  that  Lord 
Bosse  speaks  of  and  delineates  a  red  portion  of  the  surface  extending 
from  alx>ut  250^  to  280^  of  longitude,  and  in  a  latitude  which  ap- 
pears not  to  be  very  different  from  that  of  ihe  recent  spot.  I  have 
not,  however,  seen  any  suggestion  of  a  possible  connection  between 
the  rotation-period  of  this  recent  spot,  and  the  coincidence  of  the 
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longitude  of  its  centre,  in  or  aboat  August  1S79,  ^^  ^^^  ^  ^ 
led  spot  «een  in  the  early  part  of  1873  by  Lord  Bosse,  both  being 
about  250^.  The  interral  is  about  6|  years.  A  difference  in  tiie  rota- 
tion-period from  that  ordinarily  assigned  to  the  planet,  sufficient 
to  produce  a  change  of  360^  in  the  apparent  position  of  the  spot 
(or,  in  other  wcurds,  a  difference  of  one  whole  rotation  in  6^  years), 
would  give  the  spot  the  same  longitude  at  the  two  epochs  to  whi<di 
I  have  referred. 

360^  in  6i  years  is,  roughly,  equivalent  to  between  55°  and  56° 
per  annum.  I  think  the  interval  6^  years  is  probably  rather  too 
long  and  that  the  56*^  may  perhaps  be  more  nearly  60^,  whidi  would 
be  more  in  aoccnrdance  with  tiie  apparent  proper  motion  of  the  spot 
as  seen  in  1S79. 

A  difference  in  appar^it  Jovicentric  longitude  of  60°  per  annum 
would  be  nearly  equivalent  to  a  difference  in  rotation-period  of 
7  seconds  of  time,  as  may  easily  be  calculated.  Thus,  7  seconds  is 
about  3-1^7  P^^  ^^  ^^®  rotation-period  of  Jupiter ;  but  Jupit^ 
rotates  about  880  times  in  one  of  our  years ;  consequently  the 
difference  of  Jovicentric  longitude  caused  by  7'  difference  of  rota- 
tion-period would  in  a  year  amount  to  ^^^  of  360%  or,  roughly,  to 

When  making  this  rough  calculation  in  my  leoturo  I  ventured  to 
compare  the  7  seconds  thus  suggested  with  the  7*9  seconds 
difference  of  rotation-^riod  calculated  by  Mr.  Pratt,  in  his  recent 
communication  to  the  Boyal  Astronomical  Society. 

It  is  this  comparison  which  I  have  been  asked  to  bring  b^oro 
your  notice. 

I  am,  Bir,  your  obedient  servant, 

E.  Ledoeb. 
GhreBham  CoUege,  1S80,  April  22. 

Sm,— 

Having  enjoyed  the  privilege  recently  of  looking  through  a 
note-book  of  old  observations  by  that  admirable  man  and  most 
careful  observer  the  late  Eev.  Cooper  Kev,  MJL.,  of  Stretton 
Rectory,  Hereford,  I  found  a  number  of  exceedingly  careful 
drawings  in  black  and  white  of  his  early  experiences  as  to  the  opti- 
cal performances  of  various  small  telescopes,  both  refracting  and 
reflecting.  The  subjects  were  most  frequently  stars,  especially 
double  stars ;  but  there  were  several  plaxietary  sketches  amcmgst 
them,  and  oae  of  these  was  a  view  of  Jupiter  with  not  only  the 
dark  belts  admirably  drawn,  but  between  them,  in  stronger  bla<^ 
colour,  a  long  oval  spot.  This  spot,  too,  was  so  precisely  &e  shape 
and  size  of  ihe  red  spot  which  has  of  late  been  attracting  the 
surprised  attention  of  observers,  that  I  could  not  but  jump  to  tiie 
almost  self-evident  conclusion  of  their  both  referring  to  the  same 
body,  appearance,  or  phenomenon. 

Mr.  Cooper  Key  indeed  described  it  as  a  black  spot ;  but  the 
telescope  he  observed  with,  only  "  a  4-inch  Gregorian  by  Adams 
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of  1 8  inches  focal  length,"  coold  not  be  expected,  when  taxed  to 
the  utmost  it  could  b^r  of  magnifying-power,  to  show  any  symp- 
tons  of  various  local  colour  in  a  celestial  object,  after  the  manner 
of  the  large-apertured  silver-on-glass  reflectors  of  the  present  day — 
instruments  which  he  was  destined  to  have  so  large  a  hand  in 
introducing,  and  rendering  popular  throughout  the  nation,  after- 
wards. 

His  whole  note,  the  drawing  excepted,  runs  thus  : — "  June  4th, 
1843.  Jupiter  had  a  dark  horizontal  black  spot  in  the  light  space 
between  his  two  principal  belts :  the  latter  are  not  well  defined 
with  less  than  a  power  of  158." 

Though  so  short,  the  menticm  is  pithy  ;  and  when  we  know  the 
akin  and  conscientious  care  of  the  man  who  made  it,  such  a  note 
may  be  quite  enough  to  raise  the  much-speculated-on  appearance 
of  itke  present  "  red  spot "  out  of  the  category  of  thinj^s  new,  un- 
exampled, and  tendiug  to  the  catastrophic,  into  that  of  long,  well- 
orderod  phenom<ma  with  a  regular  cyclical  series  of  dates  for 
appeiuring  and  vanishing  again. 

I  am,  Sir,  yours  faithfully, 

15  Boy&l  Terrace,  Edinburgh,  FlAZZI  SmttH. 

1880,  April  26. 

a  Auriga, 
Sib,— 

I  have  recently  discovered  a  minute  companion  to  9  Aurigse 
of  about  the  twelfth  magnitude.  The  mean  result  of  three  accor- 
dant measures  is  as  follows : — 

P=i7o°-9        Ds=7"-9i         1880-14 

Two  other  new  pairs,  each  less  than  2"  in  distance,  were  also 
found  in  the  immediate  vicinity. 

I  am,  Sir,  yours  faithfully, 
Cfhioago,  1880,  April  17.  8.  W.  BuENHAM. 

The  Secular  Acceleration  of  the  Moon, 

Sib, — 

My  note  of  April  24,  printed  in  the  'Observatory'  of 
May  I  (No.  37,  p.  419)1  terminates  with  an  error  so  conspicuous 
that  I  cannot  imagine  how  it  escaped  me. 

The  value  of  B6  is  0*0102  inch.  Apparently  I  had  omitted  one 
divisor  12. 

I  am,  Sir,  yours  faithfully, 
Boyal  Obeervatory,  Greenwich,  Q-.  B.  AlBT. 

1880,  May  3. 

The  Nebula  in  the  Pleiades. 
Stb, — 

In  reply  to  Mr.  M*Canoe's  very  courteous  communication  on 
the  Pleiades,  inserted  in  No.  37  of  the  *  Observatory,'  p.  418, 1  have 
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the  honour  to  send  you  a  list  of  36  stars  of  the  thirteenth  or  four- 
teenth magnitude,  which  I  have  added  (in  Novemher  1878)  to  my 
chart  of  the  Pleiades  group. 

Stars  added  in  November  iSjS  to  the  Map  of  the  Pleiads*. 


D).     B. 

i 

m.    «. 

1 

m.   t. 

1 

-2     3 

-  03 

—  0  10 

+32-0  B- 

+  2  23 

+    2-8 

-I  57 

-ii'S 

-0     7 

+  5-oB. 

+  2    26 

O'O 

-I  53 

_  9-0 

-0     7 

+30  5  B- 

+  2   33 

-^3'3 

-I  23 

+  125^ 

—  0      2 

+  12-2  B. 

+  2  33 

-  5'5 

-I  15 

+  3-3  B. 

—  0      I 

4  21-0  E. 

+  2  34 

—    2"I 

-I     9 

+  60  E. 

0     0 

+  06  E. 

+  2    42 

-  3-4 

-I     4 

+  4-oR. 

+  0      2 

+  136  E. 

+  2  45 

+   1-6 

-0  24 

-  3-6 

+  0      9 

+  I4-I  E. 

+3  28 

— 12-0 

—0  18 

+371  B- 

+  0   49 

-  4-5 

+  3  44 

-  7-2 

-0  17 

+  4-0  E. 

+0  SO 

+  0-4 

+3  59 

-  6-7 

— 0  16 

+390  B. 

+  1     7 

-  7-0 

+4  13 

-  8-0 

— 0  14 

-  o-6(a). 

+  1  33 

+  2-5 

+4  30 

-12-5 

•0  13 

+  4-3  B- 

In  this  list,  the  star  noted  by  Mr.  MMDance  is  probably  that 
which  I  haye  marked  (a).  Those  which  I  marked  E  have  been  seen 
with  the  great  reflecting  telescope  of  1*20  metre,  the  others  with 
the  equatorial  of  0*31  metre  aperture,  which  I  made  use  of  for  my 
description  of  the  group. 

I  have  no  doubt  that  further  examination  will  lead  to  the  dis- 
covery of  other  errors.  There  is,  however,  in  this  connection  a 
rather  curious  fact  which  I  think  I  may  point  out.  When  I  ex- 
amined the  group  of  the  Pleiades  for  the  first  time  with  our  great 
reflector,  I  expected  to  see — ^thanks  to  the  power  of  this  magnificent 
instrument — ^a  much  larger  number  of  stars  than  the  reflector  of 
0*3 1  metre  had  shown  me.    My  expectation  was  completely  disap- 

Sointed.  Beyond  a  few  small  stars  which  the  re&actor  would 
oubtless  have  shown  me  on  a  clear  night,  since  they  are  not  much 
fainter  than  the  other  stars  already  seen,  the  great  mirror  has 
shown  me  nothing  new  in  the  central  region  of  the  group. 

I  am  led  to  conclude  from  this  that  the  space-penetratmg  power 
of  an  object-glass  of  0*31  metre  (about  12  inches)  is  sufficient  to 
attain  the  limit  of  the  visible  universe  in  that  region  of  the  sky — a 
conclusion  which  is  further  supported  by  the  fact  that  the  back- 
ground of  the  sky  appears  there  perfectly  black  in  the  middle  of 
the  nebulosity  which  surrounds  the  group  of  the  Pleiades. 

I  have  never  seen  the  nebulosity  in  the  neighbourhood  of  Alcyone 
of  which  Mr.  Common  speaks.  I  am,  yours  faithfully, 

Paris  Observatory,  1880,  May  8.  0,  WoiP. 

Sib,— 

In  a  letter  on  "  The  Nebula  in  the  Pleiades  '*  in  your  May 
Number,  Mr.  M*Cance  refers  to  a  little  star  which  "  lies  close  to 

*  [The  coordinates  (B.A.  and  N.P.D.)  are  reckoned  from  Alcyone. — ^En.] 
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the  little  triangle  p  Alcyone,  s  p  the  most  p  star  of  the  triangle." 
This  star  was  picked  up,  some  sixteen  years  ago,  by  the  late  Bey. 
H.  CJooper  Key,  of  Stretton  Eectory,  Hereford,  with  a  12-mch 
silvered-glass  reflector,  and  was  at  first  suspected  by  him  to  be 
nebulous,  an  idea  which  further  observation  did  not,  I  belieye, 
confirm.  In  consequence  either  of  a  letter  from  Mr.  Key,  or  of 
an  indirect  notification  through  the  Eev.  T.  W.  Webb,  I  observed 
the  star  on  Pebruary  6,  1864,  and  estimated  it  of  about  13 J 
magnitude.  By  careful  scrutiny  I  found  that  I  could  glimpse 
it  suspiciously  with  an  aperture  of  5  inches.  Tempel's  Merope 
Nebula  I  believe  I  caught  with  my  y^^inch  refractor  on  January  5, 
in  the  same  year.  It  was  very  faint,  stretching  in  a  «  p  direction 
from  Merope.  I  was  a  little  puzzled  by  its  Erection  as  figured 
by  Mr.  Hall  in  the  January  number  of  the  *  Monthly  Notices,' 
tUl  I  noticed  that  his  chart  was  erect,  not  inverted. 

I  may  perhaps  just  recall  the  fact  that  M.  Goldschmidt,  the 
keen-eyed  and  indefatigable  discoverer  of  minor  planets,  observed 
an  extensive  nebulosity  surrounding  the  Pleiades  group,  and 
that  his  autograph  representation  of  it  was  figured  in  Leverrier's 
*  Bulletin'  of  December  4,  1863. 

I  am,  Sir,  yours  faithfully, 
Rnowles  Lodge,  Cuckfield.  GeoiiQE  KlfOTT. 

1880,  May  xo. 

The  Markings  on  Mars. 
Sib,— 

In  the  '  Observatory,'  No.  37,  p.  416,  M.  Terby  expresses 
uncertainty  as  to  which  bands  on  Mars  I  referred  to  in  my  remarks 
at  the  March  Meeting  of  the  Eoyal  Astronomical  Society. 

The  particular  band  is  depicted  by  Madler  in  a  drawing.  No.  1 2 
in  M.  Terby's  '  Ar^ographie,'  and  is  further  referred  to  at  p.  10 1 
of  the  same  memoir: — 

"  Deji  en  1854  le  capitaine  Jacob  dessine  une  sorte  d'isthme 
tr^indeds  s^parant  la  tache  principale  de  ce  prolougement  (mer 
de  Tycho).  Get  isthme  ne  figure  pas  sur  la  carte  de  Mars,  mais  a 
6t6  dessin^  tr^s-nettement  par  M.  Knobel  en  1873."  (Vide 
Sketches  Nos.  11,  12,  and  13,  'Monthly  Notices,'  1873.) 

It  may  be  as  well  to  add  that  when  my  sketches  were  published 
I  had  never  heard  of  Captain  Jacob's  drawing. 

I  am  Sir,  your  obedient  Servant, 
Bockinff,  Braintree,  E.  B.  Knob£L. 

1880,  May  12. 

New  Stars,  or  hitherto  unobserved  Variables. 
Sib,— 

Besides  the  new  star  in  Canis  Minor  discovered  November 
25,  1859,  ^  ^^^  announce  the  following: — 

I.  Star  in  Gemini,  discovered  January  28,  1880,  when  it  was 
about  8' 7   magnitude ;  it  soon  afterwards  began  to  diminish  in 
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brightness,  and  on  May  4th  it  had  fallen  to  12*9  magnitude.    It 
precedes  B.D.  1655  +13*'  about  37'-5,  and  is  Y'3  north. 

2.  In  Bootes,  discovered  March  12,  1880,  when  it  was  about 
9*4  magnitude.  On  March  19th  its  magnitude  was  9*2.  It  began 
to  diminish  in  the  first  week  in  April,  and  the  rate  of  diminution 
gradually  increased,  so  that  on  the  14th  of  May  its  magnitude  was 
only  12*7.  It  precedes  B.D.  2955  +18^  about  87*'2,  and  is  o'-4 
south.  1  am.  Sip,  yours  faithfully, 

The  Obseiratory,  Birkdal«,  Jo8£PH  BaxEITOBLL. 

Bouthport,  1880,  M»7  15. 

TTie  Tails  of  Comets. 

Sm,— 

I  hare  the  honour  to  beg  you  to  place  the  following  Unes  in 
your  periodical. 

My  division  of  the  tails  of  the  comets  into  three  distinct  types, 
the  idea  of  which  I  have  already  published  in  1876  ('Annales  de  TOb- 
servatoire  de  Moscou,*  Vol.  iii.  i  livraison,  p.  37),  is  ever  more 
and  more  confirmed.  I  have  just  finished  the  calculaticms  of  the 
numerous  observations  of  the  comets  of  1680,  1744,  1769,  and 
1880,  which  had  enormous  tails,  and  consequently  are  advantageous 
for  the  inquiry  as  to  the  numerical  value  of  the  repulsive  iarce, 
and  I  have  obtained  the  following  results : — 

The  tail  of  the  comet  of  1769,  observed  principally  by  Messier, 
is  represented  by  a  curve,  computed  vnth   the  repulsive  force 

I--U==I2. 

The  comet  of  1744,  observed  by  Cassini,  Cheseaux,  Heinsius, 
Ac.,  had  two  tails  :  the  principal  and  longest  tail  (07  of  the  distance, 
Earth-Sun)  requires  likewise  for  its  construction  the  f(»rce 
1—^=13;  in  the  secondary  tail,  much  shorter^  the  Newtonian 
force  is  destroyed  by  the  repulsive  force ;  that  is  to  say,  that  the 
latter  is  nearly  equal  to  i  (unity),  and  the  resulting  effective  fc^ce 
is  equal  to  o. 

The  tail  of  the  comet  of  1680,  observed  by  Dorfel,  Kirch,  Ac., 
is  exactly  constructed  with  the  repulsive  force  i— /x=no*95. 

Pinally,  for  the  tail  of  the  great  southern  comet  of  1880,  ob- 
served by  Messrs.  Ellery,  Gill,  Gould,  Liais,  &c.,  I  have  obtained 
the  force  i  —  /i  =  1  '2 ;  that  is  to  say,  that  the  repulsive  force  in  this 
case  a  little  exceeds  the  Newtonian  force. 

It  is  nearly  the  same  value  as  that  which  Messrs.  Bond  and 
Norton  have  foimd  in  1862  for  the  axis  of  the  tail  of  Donati's 
comet  (1858,  V),  the  value  which  is  given  in  some  outlines  of 
astronomy,  and  which  the  calculations  have  given  me  more  lately 
for  several  comets  of  the  second  type — ^for  instance,  for  the  comet 
of  1874. 

According  to  the  principles  of  mechanics  it  is  evident  that  for 
this  type  (but  only  for  it),  in  which  the  effective  force  approaches 
to  o,  the  hyperbolic  orbits,  convex  or  concave  to  the  Sun,  dsscribed 
by  the  particles  of  the  tail  approach  in  their  turn  to  the  tangents 
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to  the  orbit  of  the  comet ;  and  these  particles  approximately  are 
moved  only  by  the  velocity  acquired  at  the  moment  of  their  sepa- 
ration from  the  nucleus. 

The  calculations  in  extenso  of  these  four  comets  are  now  in  the 
press  for  the  first  part  of  Volume  vii.  of  our  'Annals.' 

I  am,  Sir,  your  obedient  servant, 
Moscow  Obserratoiy,  Th.  Bbediohik. 

1880,  May  9. 


NOTES. 

Teaksatlantio  LoNQiTin>BS. — During  the  years  1878  and  1879 
an  important  chain  of  longitudes  was  determined  by  a  party  of 
American  observers  under  the  command  of  Lieut.-Gommander  F. 
M.  Green,  U.S.N.  The  object  was  to  establish  the  longitudes 
of  important  points  in  South  America  by  means  of  the  South 
Atlantic  cable  from  Lisbon  to  Brazil,  the  tel^raphic  chain  being 
Greenwich — Lisbon — Madeira  —  Porto  Grande — Pemambuco— Ba- 
hia— Bio  de  Janeiro — Monte  Video  and  Buenos  Ayres,  and  Pemam- 
buco— Para.  Por  the  section  Greenwich— Lisbon,  Porthcumow 
and  CarcaveUas  (the  two  ends  of  the  submarine  cable)  were  used  ai 
repeating  stations.  The  comparisons  Greenwich— Lisbon  were 
made  on  four  days,  viz.  1879,  June  25,  26,  27,  and  29;  and  the 
separate  values  for  the  longitude  of  the  Eoyal  Observatory,  Lisbon, 
found  by  Commander  Green,  are: — 36"  44"75,  36"  44"*6i,  36" 
44»*73,  and  36"  44"'64.  The  resulting  longitude  of  Lisbon  Obser- 
vatory is  thus  36°*  44''68,  being  8«*54  larger  than  that  hitherto 
accepted.  The  discordance  is,  as  Commander  Green  remarks,  sur- 
prisingly large ;  but  he  feels  sure  that  within  reasonable  limits  his 
work  is  substantially  correct.  The  wave  and  armature  time  was 
o*'o6  between  Greenwich  and  Porthcumow,  and  o"*43  between 
Porthcumow  and  CarcaveUas.  Commander  Green  has  abo  deter- 
mined the  longitude  of  Eunchal,  Madeira  (English  Consulate), 
which  he  finds  to  be  i*"  7"*  40**97  W.,  being  i*-97  larger  than  that 
determined  by  chronometers  and  adopted  by  the  English  Hydro- 
graphio  Department.  The  complete  results  of  Commander  Green's 
expedition  will  be  given  in  his  Beport,  which  is  to  be  published 
this  summer* 


Thbobt  of  Ebboes  of  Obsebvations. — Sir  Q^rge  Airy's  valuable 
work  on  this  subject  is  so  well  known  to  Geodesists  and  Astronomers 
that  we  need  hardly  do  more  than  mention  the  issue  of  a  third 
edition.  In  this  the  author  has  substituted  Thomson  and  Taif  s 
elegant  investigation  of  the  law  of  Frequency  of  Errors  for 
Laplace's.  Though  objection  has  been  made  to  this  as  well  as 
other  proofs  of  this  law,  in  that  it  postulates  the  existence  of  a  law 
of  frequency  symmetrical  with  respect  to  a  certain  value,  and  that 
this  condition  might  possibly  not  hold  in  some  of  the  cases  to 
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which  the  principle  has  been  applied,  there  can  be  little  qaestion 
of  its  validity  in  astronomical  observations.  A  practical  verification 
of  the  law  in  such  cases  is  given  in  the  Appendix,  where  a  com- 
parison is  made  of  the  actual  numbers  of  errors  of  different  mag- 
nitudes in  636  observations  of  N.P.D.  of  Polaris  from  1 869-1 879 
with  the  theoretical  frequency.  The  general  accordance  between 
the  actual  and  theoretical  value  is  very  close. 


Phop.  C.  a.  F.  Petebs. — ^It  is  with  regret  that  we  have  to 
record  the  death,  in  his  seventy-fourth  year,  of  Dr.  Christian 
August  Friedrich  Peters,  Professor  of  Astronomy  in  the  University 
of  Kiel.  Bom  on  t8o6,  Sept.  7,  he  became  at  an  early  age  a 
diligent  student  in  mathematics  and  astronomy,  and  in  1826  and 
following  years  he  was  attached  to  the  Altona  Observatory,  assoatr- 
ing  Schumacher  principally  in  his  pendulum  and  geodetical  obser- 
vations in  the  Duchy  of  Holstein.  In  1834,  Dr.  Peters  became  an 
assistant  in  the  Hamburg  Observatory,  and  in  1839,  at  the  request 
of  W.  Struve,  he  joined  the  staft  at  the  Pulkowa  Observatory. 
During  his  residence  at  Pulkowa  he  published  his  two  valuable 
memoirs,  'Numerus  Constans  Nutationis,'  &c.  and  ^Becherches 
sur  la  Parallaxe  des  £toiles  Fixes,'  for  which  jointly  he  was  awarded 
the  Gold  Medal  of  the  B.A.S.  In  1849,  P«>f.  Peters  received  the 
appointment  of  Professor  of  Astronomy  at  Konigsberg,  and  shortly 
afterwards  the  directorship  of  the  Observatory,  in  succession  to 
Bessel.  In  1854,  on  the  death  of  M.  Petersen  who  had  succeeded 
Schumacher  in  the  charge  of  the  Altona  Observatory,  Dr.  Peters 
left  Konigsberg  to  fill  his  old  master's  place,  and  to  carrv  on  the 
publication  of  the  *  Astronomische  Nachrichten,'  which  Lad  been 
for  many  years  the  central  organ  for  astronomical  science  in 
G-ermany.  Here  he  remained  till  1872,  when  the  observatory  was 
transferred  to  Kiel,  of  which  he  still  continued  the  director,  filling 
abo  the  office  of  Professor  of  Astronomy  in  the  University.  Pror. 
Peters  was  one  of  the  foremost  astronomers  of  our  time,  and  he  is 
the  author  of  several  important  astronomicid  and  mathematical 
investigations,  besides  his  two  standard  memoirs  to  which  we  have 
referred.  For  many  years  he  was  a  most  diligent  observer,  in  proof 
of  which  we  have  only  to  examine  the  pages  of  the  'Astronomische 
Nachrichten,'  the  *  Memoirs'  and  'Proceedings'  of  the  Academy  of 
Sciences  of  St.  Petersburg,  and  other  scientific  publications.  I^f. 
Peters  died  on  May  8,  after  some  months'  illness  resulting  from  an 
attack  of  paralysis.  He  is  succeeded  in  the  editorship  of  the 
'  Astronomische  Nachrichten '  by  his  son,  Dr.  C.  P.  "W.  Peters. 


Two  Minor  Planets  have  been  discovered : — ^No.  215  (Enone,  by 
M.  Knorre  on  April  7,  and  No.  216,  by  M.  Palisa,  on  April  10. 
The  planet  discovered  by  Prof.  Peters  on  March  18  turns  out  to 
be  the  old  planet  Althaea  No.  1 19.  EniroKr 
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J^lements  and  Ephemeris  of  Comet  b  1880  {Schabwl^s)*. 
By  H.  Mabtin. 

Per.  Pass.  1880,  June  29*17  Berlin  M.T. 
Long.  Per.      40**  12'  27"        Inclination  123°  9'  4" 
long.  Node  256   52  57  Lc^,  Per.  Dist.  o*26302. 

Mean  Equinox  1880*0. 

Ephemeris  for  12**  Berlin  M.T. 

Brightnen. 

075 
0-73 
0*72 
071 
070 
0*69 

Prom  Major  Tupman's  observations  on  April  26,  27,  and  May  8, 
it  appears  that  the  error  of  this  ephemeris  is  small. 

In  the  *  Science  Observer'  for  April,  Mr.  Lewis  Swift  describes 
the  comet  on  April  1 7  as  appearing  at  first  sight  to  be  all  tail  and 
no  head  and  only  4'  in  length,  and  he  had  no  difficulty  in  seeing  it 
in  the  presence  of  a  nearly  half -moon.  Writing  on  May  5,  Mr. 
"W,  B.  Brooks,  of  Phelps,  N.T.,  states  that  he  had  been  unable  to 
find  it  with  a  5-inch  Newtonian.  Another  observer,  Mr.  Butler, 
picked  it  up  with  a  9-inch  refractor,  and  found  that  it  was  barely 
visible  with  a  4-mch.  It  was  discovered  by  Mr.  Schaberle  with  an 
8-inch  silvered-glass  reflector. 

Mr.  Hind  has  also  computed  an  orbit  for  this  comet  which  repre- 
sents Major  Tupman's  observations  with  great  exactness  (c/.  p.  433). 


i8Sa 

&A. 

Dec. 

Log.  A. 

May  31  . . 

e^  28»  S7« 

52°  9'7N. 

0*4109 

June  4  . . 

6  31  15 

SO  37-3 

0-4171 

8  .. 

6  33  31 

49  10  •! 

0-4227 

12  .. 

6  35  46 

47  46-4 

0-4276 

16  .. 

6  38   0 

46  26  •! 

0-4319 

20  .. 

6  40  10 

45  8-9 

0-43S4 

Astronomical  Memoranda,  1880,  June. 
Sun.  June  i,  sets  8*"  5",  rises  15^  49";  June  15,  sets  8**  i6" 


rises  15**  44";  July  i,  sets  8**  18",  rises  15**  49". 

Equation  of  time: — Sun  before  Clock,  June  i,  2"  22* 
o"  33* ;  <^»  June  21,  i".35';  July  i»  3"  3^*- 

Sidereal  Time  at  Mean  Noon : — June  i,  4^  4i"'4  J 
jfc  2o"-8 ;  June  21,  6**  o'"-2  ;  July  i,  6**  39"-7. 


Moon. 

June  I. 
2. 
3. 
4. 

5- 
6. 

7. 
8. 

9- 
10. 


rises. 

h 
12 
•13 
•13 
.13 
.14 


m 

58 
16 

36 

58 

39 


sett. 

8  57 

9  35 
10      7 


sets. 


June  II. .  10 
12. .10 

13- 
14. 

15- 
16. 

17. 
18. 
19. 
20. 


II 
II 
II 
II 
12 
12 
13 
14 


m 
29 
50 

7 

24 
40 

58 

19 

45 

19 

8 


June  21.. 

22., 

23- 

24. . 

25.' 

26.. 

27.. 

28., 

29. 

30. 


;  June  11, 
June  II, 
sets. 


8 
9 

9 
10 
10 
10 
II 
II 
II 


35 
16 

47 
10 

30 

47 

5 
21 

40 


*  Astronomische  Nachrichten,  No.  2310. 
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Ne'w,  June  7,  9*  55  ;  First  Quarter,  June  15,  9*  5a*  5  Full, 
June  22,  I**  46";  Last  Quarter,  June  28,  21^  57". 

A  Total  Eclipse  of  the  Moon,  invisible  at  Greenwich,  occurs  on 
June  22,  I*  32«  to  2*  9"  G.M.T. 

Mercury  is  in  superior  conjunction  on  June  2,  after  which  he  is 
an  evening  star,  setting  at  the  end  of  the  montii  in  the  N.W.  about 
I*"  30"  after  the  Sun. 

Venus  is  a  morning  star  near  superior  conjunction,  rising 
shortly  before  the  Sun. 

Mars  is  an  evening  star,  movinj^  from  Cancer  to  Leo. 
June    I,  R.A.  8*"    9"-2,  Dec.  21*^35'  N.,  tr. 


N. 


July    I,  9   23-2  16   37 

Jupiter  is  a  morning  star  in  Pisces. 
June  I,  E.A.  o**  49'"'o,  Dec.  3^ 

July  i»  ^      5  '^.  5 

Saturn  is  also  a  morning  star  in  Pisces. 
June  I,  E.A.  1^  36»-s,  Deo.  f  34'  N.,  tr.  20**  52 


3*^  28",  sets  11^  32" 
2   43  10   16 


^  58'  N.,  tr.  20»»    s" 
35  N.,       18   23 


',  nses  13**  42" 


,  nses 


July 


I   46  -I, 


8   22  N., 
Prienotnena, 


19     4 


14*  II" 
12   17 


June  t     14 


a.M.T. 
h       m 


June22     12 


24 
26 


14 
IS 


I  45PiscOcE. 

255^ 
Mercury  super. 

conjunction. 
40  J.  iii  Oc.  B. 
17  J.  iiTr.  B. 
25  J.  i  Ec.  D. 
15  J.  ii  Tr.  L 
3  22  Scorpii  Oc. 
D.  150°. 
Eel.  of  Moon, 
invis.  at  Greenwich. 
Abbreviations  : — J.  i,  Jupiter's  ist  S|itellite. 
Oc.  Oocultation.    D.  Disappearance.    Tr.  I.  Transit  Ingress. 
Ec.  Eclipse.  E.  Eeappearance.      Tr.  E.  Transit  E^ess. 

The  angles  are  reckoned  n'om  the  ajpparent  N.  point  towards  the 
right  of  the  Moon's  inverted  image.  Editob. 


14 

12 

14 

IS 

14 

19 

14 

20 

13 

22 


aiLT. 

h      m 


27     14 

IS 
IS 


32  26  Sagitt  Oc. 

B.  2S4». 
22  J.  i  Oc.  B. 

35  K  Aquarii  Oc 
E.  231^ 

36  K  Pise.  Oc.  D. 
146^ 

43  K  Piso.  Oc  B. 

279°. 
45  9  Pise.  Oc  B. 

314'. 


Publicatidns  received : — ^Warren  DeLa  Eue  and  Hugo  Miiller,  Ex- 
perimental Researches  on  the  Electric  Discharge  with  the  ChUmds^ 
Silver  Battery,  Part  iii.  (Phil.  Trans.  Part  i.  VoL  171)— G.  H. 
Darwin  on  the  Analytical  Eapressions  winch  give  the  History  of  a 
Fluid  Planet  of  small  Viscosity  attended  by  a  Single  Satellite  (ftoc. 
E.  S.  No.  202,  1880) — Science  Observer,  No.  26, 1880,  April  (Boston 
Scientific  Society) — American  Journal,  1880,  May— *Smt4«,  1880, 
April — Popular  Science  Monthly,  1880,  May — Gid  et  Terre,  No.  5, 
1880,  May  I — Kansas  City  Review^  1880,  May — The  Analyst^ 
1880,  May.  EniiOB. 
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THE    OBSERVATORY, 

A   MONTHLY   KEVIEW   OF   ASTEONOMY. 

No.  38.  JUNE  1.  1880. 

MEETING  OF  THE  EOTAL  ASTEONOMICAL  SOCIETT. 

Friday,  18809  May  14. 

J.  B.  Hind,  F.B.S.,  Presidmt,  in  the  Chair. 

Secretaries :   W.  H.  M.  Chbistie,  M.A.,  and 
J.  W.  L.  Glaisheb,  M.A.,  F.E.S. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

Mr,  Christie  announced  that  54  presents  had  been  received  since 
the  last  Meeting  of  the  Society,  including  a  book  in  MS.,  by  the 
Bev.  S.  J.  Johnson,  containing  charts  and  projections  of  Eclipses 
of  the  Sun  and  Moon  from  1880  to  2000. 

The  thanks  of  the  Meeting  were  voted  to  the  respective  donors. 

The  Astronomer  Royal,  Before  reading  the  paper  which  I  am 
about  to  do,  I  would  ask  permission  to  make  a  remark  upon  the 
paper  which  I  produced  at  the  last  Meeting  of  the  Society.  Just 
as  I  was  starting  for  this  Meeting  I  received  a  note  from  Prof. 
Adams  in  which  he  points  out  one  error  in  my  paper,  and  I  con- 
fess that  I  am  quite  wrong  and  Prof.  Adams  is  quite  right  in  that 
matter.  It  happens  that  it  was  in  the  last  sentence  which  I  wrote, 
and,  as  usually  happens  in  last  sentences,  there  is  a  greater  chance 
of  error  than  anywhere  else.  But  with  regard  to  the  general 
treatment  of  the  subject,  I  may  say  I  have  written  the  paper  in  no 
polemical  spirit  whatever.  I  have  found  a  method  of  investigating 
small  terms  in  the  Lunar  theory  which  I  believe  to  be  more  accu- 
rate and  more  powerful  than  any  other  that  has  been  made,  and  I 
was  anxious  to  show  to  the  Society  its  power  with  regard  to  that 
interesting  matter,  the  acceleration  of  the  Moon's  mean  motion. 
If  I  should  discover  any  error  in  it,  I  shall  not  be  slow  to  avow  it ; 
but  I  have  not  found  any,  and  do  not  expect  any.  The  external 
factor  may  require  examination. 

The  Astronomer  Hoyal  then  read  a  japer  on  the  preparations  to 
VOL.  m.  2h 
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be  made  for  the  obserration  of  the  Transit  of  Yenos  on  the  6th  of 
December  1882. 

Premising  that  the  scientific  world  would  not  be  satisfied  with- 
out observatbns  of  the  Transit  of  1882,  which  would  be  much 
fadlitated  by  the  experience  gained  by  observers  in  1874,  and  by 
the  extension  of  telegraphs,  he  pointed  out  that  an  important  con- 
di^on  of  success  is  a  sufficient  elevation  of  the  Sun^  say  20°,  or, 
at  any  rate,  15°. 

For  Ingress  Accelerated,  stations  in  the  Cape  Colony  from  the 
Cape  Observatory  to  Durban  with  an  elevation  of  the  Sun  ranging 
from  ss"^  to  46°,  and  a  parallax  factor  of  0-65,  should  be  occupied. 
As  there  is  now  complete  telegraphic  communication  with  England, 
it  may  be  expected  tiiat  the  longitude  of  the  Oi^  will  be  quickly 
ascertained,  relying  on  that  of  Aden  determined  in  1874. 

For  Ingress  iBetarded  the  Astronomer  Boyal  had  formerly  pro- 
posed to  rely  on  stations  on  the  coast  of  the  United  Stales  and 
Canada;  but  as  the  elevation  of  the  Sun  would  be  only  from  15° 
to  18°,  he  now  prefers  the  whole  chain  of  the  West-India  islands, 
with  elevation  23°  to  43°,  parallax  factor  075  to  o"8s.  The  longi- 
tudes have  been  deterrnined  with  great  accuracy  by  tibe  Americans. 
Bermuda  with  elevation  25°,  parallax  factor  0*90,  is  also  very 
favourably  situated.  This  phase  is  also  visible  in  England ;  but 
the  Sun  is  too  low,  except  perhaps  at  the  Land's  End  and  Yalentia, 
where  the  elevation  is  about  14°  and  the  parallax  factor  0*65. 

All  the  stations  just  mentioned  are  equally  suitable  for  E^;r6ss 
Accelerated.  At  Bermuda  the  Sun's  elevation  is  13^,  at  Charles- 
ton 22^,  on  the  West-India  islands  25%  and  on  the  coast  of  North 
America  35®. 

For  £|^*ess  Betarded,  although  Melbourne  (with  elevation  10°, 
parallax  factor  0*96),  Sydney  (elevation  14^),  and  New  Caledonia 
(elevation  22°)  are  suitable,  the  Astronomer  Boyal  would  rely 
chiefly  on  New  Zealand,  elevation  30°  to  35°,  par.  factor  0*83 . 
Major  Palmer's  determination  of  the  longitude  in  1874  might  be 
supplemented  by  chronometer-runs  m  default  of  telegraphic  com- 
munication. 

With  regard  to  instruments,  he  would  propose  an  Altazimutii 
for  determination  of  time  and  latitude  by  zenith-distances  of  stars 
about  90°  tmart  in  azimuth,  a  6-inch  Equatorial,  and  a  def»died 
telescope  of  4  in.  or  5  in.  aperture,  with  special  provision  of  solar 
eyepieces. 

In  conclusion,  he  urged  that  the  history  of  the  phenomena  should 
be  carefully  perused  by  the  intending  observers.  Attention  had 
hitherto  been  concentrated  on  the  observations  of  the  Transit  of 
1769,  and  those  made  in  1761  had  been  neglected,  though  tlus 
Transit  had  been  more  extensively  observed,  and  perhaps  by  abler 
observers.  Amongst  the  records  would  be  found  mention  of  the 
ring  of  light  which  had  puzzled  observers  so  much  in  1874. 

Mr.  Glaisher  read  a  note  by  Prof,  J,  C.  Adams  on  the  Astronomer 
Boyal's  investigation  of  the  theoretical  value  of  the  acceleration  of 
the  Moon's  mean  motion. 


Digitized  by 


Google 


1880.]  the  Bayal  Asironomical  Society.  420 

The  Astronomer  EoycU.  I  would  rather  not  enter  into  any  details 
of  this,  because  it  is  extremely  difficult.  Unless  Prof.  Adams  will 
go  term  by  term  into  the  whole  formation  of  what  I  call  my  facto- 
rial table,  it  would  be  impossible  to  give  an  answer  to  it.  .1  haye 
taken  the  greatest  pains  to  secure  accuracy,  and  I  haye  no  doubt 
that  I  haye  secured  accuracy.  Frof .  Adams  relies  upon  methods 
which  proceed  by  powers  of  m ;  I  haye  no  power  of  m  whateyer. 
My  theory  is  purposely  intended  to  ayoid  any  dependence  upon 
powers  of  m.  This  shows  that  there  is  a  total  diyergence  of 
methods,  and  it  would  be  impossible,  without  discussing  it  for  some 
hours  between  ourselves,  and  a  great  many  hours  before  such  a 
Society  as  this,  to  make  the  comparison.  I  am  disposed  to  giye 
my  theory  to  the  world  and  to  rely  upon  it.  I  do  not  find  &ult 
with  Prof.  Adams;  and  if  he  finds  fault  with  me,  I  shall  not 
answer. 

Mr.  Neison,  The  matter  which  Sir  George  Airy  has  brought 
before  us  is  too  important  to  Astronomy  to  be  left  in  any  uncer- 
tainty. It  is  not  a  subject  upon  which  two  liyal  yiews  might  be 
placed  before  the  Astronomical  world,  for  them  to  judge  which  they 
thought  was  most  likely  to  be  true.  It  is  essential  that  we  should 
know  what  is  the  real  and  true  value ;  and  as  there  is  such  a  dif- 
ference of  opinion  between  Prof.  Adams  and  Sir  Gborge  Aiiy,  it  is 
a  subject  which  would  invite  the  attention  of  mathematicians  to 
enable  us  to  know  which  was  really  the  truth.  So  far  as  I  can 
see.  Prof.  Adams's  paper  turns  upon  this  point : — ^He  says  he  gets 
his  correction  from  certain  terms  in  the  motion  of  the  Moon,  and 
Sir  George  Airy  in  his  investigation  has  neglected  those  terms,  and 
that  that  accounts  for  the  difiEerence  between  the  two  results.  That 
is,  of  course,  a  subject  which  really  requires  the  investigation  of  a 
mathematician  to  ascertain  whether  Prof.  Adiuns's  view  is  correct 
or  not. 

Mr.  Freeman.  I  was  not  quite  clear  whether  the  Astronomer 
Boyal  in  his  investigations  has  taken  only  the  numerical  value  of 
the  term-coefficients,  or  whether  he  has  adopted  the  analytical 
form  of  literal  coefficients.  To  mathematicians  I  should  suppose 
that  no  result  would  be  perfectly  satisfactory  which  did  not  aeal 
entirely  with  the  literal  forms  of  expression  that  occur  in  the 
representation  of  the  disturbances  in  the  mean  motion  of  the  Moon. 
There  would  not  be  any  check  of  a  safe  character  on  the  accuracy 
of  the  result  without  going  through  a  careful  combination  of  the 
literal  expressions  that  are  required  in  the  investigation  (d  those 
disturbances. 

The  Astronomer  Boyal,  The  general  principle  of  the  method 
which  I  have  adopted  is  not  to  investigate  the  value  of  any  term 
calculated,  but  to  investigate  the  alteration  that  is  made  in  the 
value  of  terms  by  an  alteration  in  some  of  the  coefficients.  The 
quantity  which  I  have  to  deal  with  is,  in  any  case,  not  a  large  one. 
In  treating,  for  instance,  the  correction  to  be  made  in  the  large 
coefficient  of  the  evection  or  any  such  term  of  large  magnitude,  the 
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ooeffident  does  not  enter  into  the  final  operation  at  all,  but  only 
multiples  of  the  alteration  to  be  made  in  it.  But  this  is  to  be 
determined  by  factors  of  the  corrections  of  the  coefficients,  and 
those  factors  have  been  prepared  with  the  greatest  care.  In 
those  factors  there  is  no  omission  of  the  terms  which  Professor 
Adams  has  pointed  out.  Some  of  those  points  are  printed  in 
rather  a  confused  state,  and  a  small  part  has  to  be  supplied  from 
manuscript ;  but  if  anj  Member  of  the  Society  wishes  to  see  more 
of  that  part  of  my  process  I  shall  be  happy  to  supply  him  in  some 
way  or  other.  The  characteristic  difference  between  the  method 
which  I  have  used  and  the  method  everybody  else  has  used  is  that 
I  do  not  determine  a  coefficient  positively  any  more ;  but  I  take 
the  coefficients  as  far  as  they  go,  and  I  make  the  subject  of  inves- 
tigation to  be,  not  the  coefficient  itself,  but  the  correction  which 
is  required  to  that  coefficient,  which  is  always  a  small  quantity, 
and  which  never  requires  higher  powers  than  the  first.  These  re- 
marks do  not  apply  to  the  external  or  solar  factor. 

Mr.  Neison  read  a  paper  "  On  the  Determination  of  the  Solar 
Parallax  from  the  Paraflactic  Inequality  in  the  Motion  of  the 
Moon,"  containing  the  results  of  a  good  deal  of  work  by  himself 
and  Mr.  J.  Campbell : — ^Parallactic  inequality  is  a  term  in  the 
motion  of  the  Moon  which  has  been  used  for  the  purpose  of  deter- 
mining the  Solar  parallax,  and  if  it  were  not  for  certain  difficulties 
in  the  way,  it  would  be  the  most  satisfactory  means  that  we  have, 
because  in  this  case  we  have  the  Solar  parallax  multiplied  by  a  very 
large  coefficient ;  so  that  if  we  could  determiae  the  value  of  this 
parallactic  inequality  within  half  a  second  of  arc,  we  should  be 
able  to  determine  the  value  of  the  solar  parallax  within  about  one 
fifteenth  of  that  amount.  In  the  present  paper  we  propose  to 
investigate  the  results  obtained  by  previous  astronomers,  and  to 
examine  whether  there  may  not  be  some  imperfections  in  the 
method  by  which  they  have  investigated  the  problem  which  would 
account  for  the  discrepancies.  We  have  gone  through  the  modem 
results  with  the  view  of  ascertaining  what  the  errors  of  them  may 
be.  The  principal  results  are  those  by  Sir  George  Airy,  by  Prof. 
Hansen,  by  Mr.  Stone,  and  by  Prof.  New  comb.  As  to  the  results 
of  Sir  George  Airy,  we  find  that  there  is  no  objection  to  be  urged 
to  the  method,  and  the  results  obtained  ought  to  be  regarded  as 
perfectly  satisfactory,  only  the  observations  used,  being  many  of 
them  made  at  very  early  periods — at  Greenwich  from  1750  to 
185 1 — the  results  are  not  equal  in  accuracy  to  those  obtained  of 
late  years. 

In  the  tables  used  there  are  certain  small  errors  which  will  tend 
to  make  the  parallactic  inequality  too  large  for  many  years  to  come ; 
and  unless  those  errors  are  corrected  by  proper  means,  the  result- 
ing value  obtained  will  be  too  large  for  certain  periods  and  too 
sinall  for  others.  The  paper  investigates  what  imperfections  in 
the  tables  will  exert  any  effect  upon  i^e  determination  of  the  real 
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value  of  the  parallactic  inequality.  Then  we  go  on  to  consider 
the  results  obtained  by  Prof.  Hansen,  with  which  nothing  can  be 
definitely  done,  as  he  has  not  published  the  methods  he  employed 
or  the  data  he  used,  but  simply  the  results. 

As  to  Mr.  Stone's  result,  he  sent  a  paper  to  the  Society  in  which 
he  reduced  a  considerable  number  of  observations.  Unfortunately 
that  pi^r  was  not  printed,  and  only  an  abstract  of  it  is  to  be 
found,  so  that  we  do  not  know  the  exact  details ;  but  sufficient  has 
been  published  for  us  to  show  that  there  are  systematic  errors  of  a 
most  important  nature  involved  in  the  result  obtained  by  Mr. 
Stone.  The  observations  used  were  founded  on  the  assumption  that 
the  errors  of  the  tables  of  the  Moon  would  be  the  same  at  midnight 
as  at  6*'and  i8\ 

We  show  that,  owing  to  the  errors  in  Burckhardt's  tables,  this 
is  not  the  case ;  that  we  have  large  systematic  errors  introduced 
in  this  manner,  and  therefore  the  result  obtained  by  Mr.  Stone 
requires  to  be  considerably  reduced  to  allow  for  the  effect  of  those 
errors. 

We  have  taken  Prof.  Newcomb's  results,  and  pointed  out  that 
there  are  also  corrections  in  Newcomb's  value ;  and  his  theoretical 
basis  seems  to  be  of  insufficient  accuracy. 

We  then  proceed  to  a  fresh  discussion  of  all  the  observations 
made  at  Greenwich  between  1862  and  1876.  We  determined  the 
value  of  the  parallactic  inequality  by  the  same  method  and  on  the 
same  assumptions  as  Prof,  Newcomb  and  IVIr.  Stone.  In  our 
critical  examination  of  this  result  we  found  that  the  errors  which 
on  theoretical  grounds  we  pointed  out  must  exist,  practically  do 
exist.  When  we  examined  the  separate  results  for  each  year,  we 
found  enormous  discordances  amounting  to  20"  of  arc,  much 
greater  than  can  possibly  exist.  Therefore,  instead  of  adopting 
the  approximate  methods  used  by  Prof.  Newcomb  and  others,  we 
adopted  a  more  extended  method,  in  which  we  allowed  for  all  the 
errors  likely  to  be  in  the  tables.  Instead  of  considering  the  errors 
in  the  table  due  to  this  parallactic  inequality  by  itself,  we  assume 
that  there  may  be  errors  due  to  other  terms  and  other  inequalities, 
and  we  consider  what  their  effect  will  be  upon  the  parallactic  in- 
equality. We  find  that  our  results,  instead  of  being  extremely 
discor^fant,  become  remarkably  accordant,  and  we  get  satisfactory 
values.  The  great  objection  to  this  method  is  that  the  irradiation 
at  the  Moon's  limb  is  greater  the  darker  the  sky  ;  and  we  calculate 
the  effect  of  the  irradiation  upon  the  observations,  and  we  find 
values  which  enable  us  to  determine  the  true  value  of  the  paral- 
lactic inequality.  Then  we  calculate  what  the  true  value  of  the 
solar  pandlax  will  be,  and  we  find  that  it  amounts  to  8"-843,  with 
a  probable  error  of  o"'oo7.  That  result  taken  by  itself  maybe 
regarded  as  extremely  satisfactory.  All  this  goes  upon  the  assump- 
tion that  there  are  no  errors  in  theory  which  would  be  likely  to 
introduce  systematic  errors  in  the  parallactical  inequality.  So  far 
as  we  are  aware  no  such  errors  are  supposed  to  exist ;  but  we  show 
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that,  owing  to  the  influence  of  the  planets  on  the  Moon,  l^ere  may 
be  Biich  errors,  and  we  proceed  to  determine  their  effect  on  Sur 
George  Air/s  results  and  on  the  other  results.  Sir  G^eorge  Airy 
has  pointed  out  that  there  may  be  an  inequality  of  about  forty-six 
years ;  but  he  remarked  that  such  an  inequality  seems  extremely 
improbable,  and  that  there  seems  no  physical  ground  for  it.  Later 
investigations  enable  us  to  show  that  there  are  such  inequalities  in 
the  motions  of  the  Moon,  one  of  forty-eight  years  and  another  of 
forty-four  years. 

We  have  thus  got  the  following  comparison  of  the  values  of  the 
parallactic  inequality,  uncorrected  and  corrected  for  the  forty-six- 
years'  inequality : — 

Unoorreoted.  Corrected. 

Airy i24"'S3  I24"'i3 

Stone    123  '84*  124  'oi 

Newcomb     124  '42  123  -96 

Neison 125  '03  124  -03 

We  are  able  to  draw  the  conclusion,  that  if  this  term  really 
exists  then  the  solar  parallax  must  be  8''- 7 73,  which  is  almost 
identically  the  same  value  as  the  value  obtained  by  Mr.  Gill  from 
his  observations  of  Mars.  But  which  value  is  right  I  cannot  tell 
until  the  inequalities  have  been  investigated. 

The  course  hitherto  pursued  has  been  to  observe  the  limb  of  the 
Moon;  and  the  whole  difficulty  of  determining  the  parallactic 
inequality  arises  from  the  fact  that  the  irradiation  at  the  limb 
vanes,  and  no  one  ever  knows  what  semidiameter  to  apply.  We 
are  now  observing  a  certain  crater  near  the  centre  of  the  Moon, 
and  we  get  rid  of  all  variations  in  the  semidiameter,  and  reduce 
the  whole  problem  to  a  very  simple  one  indeed ;  and  it  is  thus 
possible  from  far  fewer  observations  to  obtain  a  much  better  value 
of  the  parallactic  inequality. 

The  Astronomer  Eoyal,  I  would  ask  whether  the  proposed 
method  is  subject  to  the  effect  of  libration. 

Mr.  Neison.  Libration  can  be  completely  eliminated,  so  that  it 
has  no  practical  influence  upon  the  determination  of  the  parallactic 
inequality. 

The  Astronomer  Boyal.  I  have  always  been  a  little  unwilling 
to  enter  into  inferences  from  the  parallactic  equation,  because  I 
conceive  it  to  be  in  any  case  subject  to  much  doubt  of  a  constant 
character,  from  the  circumstance  that  the  great  majority  of  obser- 
vations of  the  Moon  are  taken  between  six  hours  on  one  side  of 
opposition  and  six  hours  on  the  other  side  ;  and  in  both  cases  the 
parallactic  inequality  and  the  variation  combine  with  the  same 
sign,  and  that  represents  the  uncertainty  of  the  ultimate  determi- 
nation of  either  of  the  coefficients. 

Mr.  /Stone.  Mij^ht  I  ask  whether  Mr.  Keison  has  allowed  for  the 
different  values  of  the  term  3(  )  —  O)  used  in  the  different  Lunar 
Tables?    I  cannot  conceive  how  Mr.  Neison  has  got  a  probable 

*  [Notebt/  Mr,  Stone. — ^My  value  is  115  "'36,  and  not  that  given  by  Mr.  Neiflon.] 
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error  amotrnting  to  o"*oo7.  The  determmation  of  the  semidia- 
meter  of  the  Moon  is  a  point  of  very  great  difficulty  indeed.  I  am 
sure  every  practical  astronomer  who  has  observed  the  Moon  or 
attempted  to  discuss  the  results  of  observations  has  arrived  at  that 
conviction.  I  may  have  deceived  myself  with  reference  to 
Mr.  Neison's  correction  for  irradiation ;  but  it  seems  to  me  not  to 
explain  the  discordances  at  all.  His  value  of  the  Solar  Parallax 
is  uncommonly  like  my  result.  I  can  hardly  say  what  the  differ- 
ence is.  At  the  time  I  brought  it  forward  I  felt  very  great  diffi- 
culty in  knowing  what  value  of  the  semidiameter  to  adopt  for 
the  reduction  of  observations,  and  this  is  the  chief  cause  of  uncer- 
tainty in  my  result.  As  to  the  value  which  Prof.  Newcomb  has 
brought  forward,  he  has  applied  some  considerable  corrections 
which  have  sensibly  reproduced  my  result. 

Mr.  Ne%9on.  With  regard  to  this  correction  of  the  semidiameter^ 
formerly  alluded  to  by  me,  I  mentioned  at  the  time  that  it  was 
purely  empirical,  and  only  meant  to  represent  certain  observations ; 
but  nothing  of  that  kind  is  used  in  the  present  investigation.  Sir 
G^rge  Au^/s  remark  about  the  parallactic  inequality  and  the 
variation  having  the  same  sign  is  perfectly  true;  but  it  will 
be  seen  that  we  have  completely  eliminated  any  error  due  to  that. 
What  Mr.  Stone  says  aJbout  the  term  3(  J)  —  O)  struck  us  at 
once,  and  we  point  out  the  absolute  necessity  of  taking  this 
term  into  account.  I  was  under  the  impression  that  Mr.  Stone 
had  not  taken  it  into  account  in  his  paper,  as  nothing  of  the  kind  is 
mentioned  in  the  abstract  that  is  published ;  but  if  not  it  will  intro- 
« duce  a  systematic  error.  In  our  paper  we  take  into  account  not 
only  the  error  resulting  from  that  term,  but  from  half  a  dozen 
more.  Then,  as  to  the  semidiameter,  the  efEect  of  irradiation  is 
determined  from  the  observations  themselves,  when  those  observa- 
tions are  corrected  for  the  errors  in  Hansen's  tables,  in  one  case 
depending  upon  a  very  important  term  which  does  not  appear  in 
his  tables  at  all,  but  which  has  since  been  discovered. 

There  are  several  terms  not  included  in  Hansen's  tables  which 
produce  an  amount  of  systematic  error  in  the  diameter  of  the 
Moon ;  but  when  these  are  taken  into  account  the  results  agree 
with  wonderful  accordance.  The  other  questions  which  have  been 
put  by  Mr.  Stone  he  will  find  completely  answered  in  the  paper, 
when  he  has  read  it.  Sir  George  Airy  too  will  find  that  the  lia- 
bility to  error  from  libration  which  he  has  pointed  out  has  beoA 
taken  into  account,  and  the  most  effectual  means  taken  to  guard 
against  not  only  those  errors,  but  some  half  a  dozen  more  which 
have  not  been  alluded  to,  and  which,  unless  taken  into  considera- 
tion, would  produce  very  grave  discordances. 

The  President  read  a  paper  giving  the  elements  of  Schiiberle's 
Comet  1880  b.  He  said : — It  is  a  comet  of  somewhat  unusual  inte- 
rest, because  it  has  been  discovered  rather  early  in  its  appearance. 
It  is  not  unlikely  that  we  may  see  it  until  January  next ;  and  there 
will  be  a  very  excellent  opportunity  of  working  out  the  nature  of 


Digitized  by 


Google 


434  Proceedings  at  Meeting  of  [No.  38. 

the  orbit,  although  the  perihelion-distance  is  not  less  than  i*8. 
After  the  perihelion  passage  on  July  i  it  ^ill  again  c<»ne  under 
observation  early  in  August  in  the  north-east  before  sunrise.  The 
brightness  will  increase  from  the  beginning  of  August  till  about 
November  3,  when  the  comet  will  Arrive  at  its  least  distance  from 
the  earth  (i'6). 

I  have  been  greatly  assisted  in  getting  out  these  elements,  which 
appear  to  be  unusually  precise,  by  an  observation  made  by  Major 
Tupman  on  May  8,  when  he  was  fortunate  enough  to  witness  the 
passage  of  the  comet  within  about  45"  of  a  star  well  observed  by 
Argelander  and  Laiande.  The  observations  are  quite  exceptionally 
accurate ;  and  I  can  rely  on  these  elements  to  give  the  Society 
something  like  an  outline  of  what  the  future  course  will  be. 

I  will  now  refer,  in  connexion  with  the  Great  Southern  Comet, 
to  the  comet  of  1695,  which  was  supposed  to  be  identical  with  the 
CTeat  comet  of  1843,  and  my  attention  was  called  to  it  again  by 
Prof.  Winnecke. 

Mr.  Christie  read  a  letter  from  me  at  the  last  Meeting,  in  which 
I  took  an  opposite  view ;  bat  I  find,  after  the  work  I  have  gone 
through  since,  I  must  rather  qualify  that  opinion,  and  that  the 
comet  of  1695  should  be  considered  one  which  may  possibly  be 
found  to  have  similar  elements  to  those  of  the  great  Southern 
Comets  of  1843  *^d  1880. 

Mr,  Christie.  I  should  like  to  ask  the  President  what  his 
opinion  is  with  regard  to  the  comet  of  1689,  because  three  orbiUi 
have  been  computed  for  that  comet,  which  differ  considerably ;  and 
it  seems  conceivable  that  the  true  elements  might  agree  sufficiently 
well  with  those  of  the  comet  of  1843.  ^  should  like  to  know  which 
of  the  orbits  he  considers  to  be  the  most  reliable. 

TJie  President.  The  comet  of  1689  presented  the  same  appear- 
ance as  the  great  comet  of  1843 ;  but  in  consequence  of  the  matter 
remaining  very  unsettled,  I  asked  my  former  colleague,  Dr.  Vogel, 
to  go  through  the  discussion  of  the  observations  of  that  comet ; 
and  he  obtained  an  orbit  which  differed  entirely  from  that  of  the 
comet  of  1843.  ^^^  o^  looking  at  it  lately  I  find  there  is  reason 
to  think  that  the  places  were  not  correct,  and  that  they  require 
further  examination.  I  do  not  think  there  is  as  great  plausilnlity 
in  identifying  it  with  the  comet  of  1843,  as  there  is  in  the  case  of 
the  comet  of  1695.  There  is  another  comet,  of  which,  unfortu- 
nately, we  know  very  little,  which  appeared  in  161 8  under  the 
same  circumstances  as  the  comet  of  1843  and  the  Southern  Comet 
of  1880.  It  became  suddenly  visible,  with  a  very  long  tail;  bat 
the  nucleus  was  lost  in  the  solar  rays,  and  after  a  few  days  it 
vanished.  These  have  been  the  peculiarities  of  both  t^ose  comets ; 
but  the  book  in  which  these  observations  of  the  second  oomet  of 
1618  are  supposed  to  be  contained  has  not  been  discovered  so  isa 
as  I  know. 

Mr.  Downing  read  a  paper  on  the  possible  ten-month  period  of 
variation  in  latitude : — Some  years  ago  Prof.  Maxwell  examined 
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the  Greenwich  observations  of  Polaris  1851-54  to  see  whether  he 
could  detect  a  variation  in  the  resulting  latitudes  with  a  ten-month 
period.  He  states  that  there  were  slight  indications  of  such  a 
variation,  but  that  more  observations  would  be  required  to  esta- 
blish the  reality  of  its  existence.  In  the  present  paper  the  Green- 
wich observations  of  Polaris  for  the  ten  years  1868-77  ^"^e  discussed, 
with  the  object  of  determining  both  the  magnitude  and  phase  of 
this  variation,  assuming  its  period  to  be  306  days.  The  co-laiitude 
is  formed  from  the  observations  of  each  month,  and  the  method  of 
least  squares  applied  to  determine — r,  ^  distance  between  the  pole 
of  the  axis  of  rotation  and  that  of  the  axis  of  figure ;  0,  the  angle 
which  the  great  circle  joimng  these  poles  makes  with  the  meridian 
of  Greenwich  at  the  epoch  1872-0 ;  and  r,  the  correction  to  the 
assumed  co-latitude  38°  31'  21  "'90.  The  values  found  for  these 
are  r=o"*o75  +  o"*oi5,  6=2o5°±6°,  and  2=— o"-o89H-o"-oii. 
This  value  of  0  indicates  that  the  latitude  of  Greenwich  was  a 
maximum  about  1872,  Oct.  12,  so  that  the  result  agrees  remarkably 
with  that  found  by  Prof.  Peters  from  the  Pulkowa  observations  of 
Polaris.  On  the  other  hand  Dr.  Nyren  has  found  discordant 
results  from  three  series  of  Pulkowa  observations,  and  concludes 
that  there  is  no  constancy  of  magnitude  or  phase  in  this  variation 
of  apparent  latitude. 

Mr.  Neison.  So  far  as  I  understood  Mr.  Downing's  paper,  it 
means  that  the  north  pole  of  the  Earth  has  a  movement  round  the 
real  axis  of  revolution  in  a  circle  6  feet  in  diameter,  with  a  period 
of  ten  months.  But  may  I  ask  Prof  Cayley  or  Mr.  Downing  if  it 
has  ever  been  investigated  whether  there  are  other  terms  due  to 
the  combined  action  of  the  Sun  and  Moon  which  may  produce  simi- 
lar effect  ? 

Prof.  Cayley.  So  far  as  I  know  they  cannot  have  any  thing  to 
do  with  it. 

Mr.  Mariti.  As  regards  the  history  of  the  subject,  before  the 
late  Prof.  Clerk  Maxwell's  paper  was  printed,  twenty  years  ago, 
a  Cambridge  friend  asked  me  about  it.  Prof.  Clerk  Maxwell 
thought  it  was  quite  a  new  thing;  and  he  deduced  from  the 
Greenwich  observations  of  1851  to  1854  a  variation  in  the  lati- 
tude of  something  like  half  a  second  of  arc.  I  replied  that  this 
question  was  of  far  too  difficult  a  character  to  be  decided  by  such 
observations  without  taking  into  account  corrections  which  had 
not  been  applied.  The  first  inquiry  on  this  point  was  made  by 
Bessel  in  1820,  and  he  satisfied  himself  that  this  term  was  less 
than  a  second  of  arc.  The  next  was  by  Peters,  whom  Mr.  Downing 
mentioned;  he  gives  something  like  Mr.  Downing's  value.  The 
pole  of  the  figure  might  possibly  shift  round  in  a  circle  of  a  radius 
of  20  feet.  Then  came  Clerk  Maxwell.  I  confess  I  am  extremely 
puzded  to  find  out  how  Mr.  Downing  found  such  a  small  probable 
error  as  o"*oi5. 

Mr.  Christie.  I  think  we  must  he  i^eased  to  find  that  the  pos- 
sible variation  to  which  the  latitude  is  subject  is  so  small.     If  the 
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distance  of  the  pole  of  rotation  from  the  axis  of  the  figure  ia 
determined  within  a  foot  or  so,  I  do  not  think  we  hare  much  to 
complain  of.  At  any  rate,  the  results  of  these  years  cannot  be 
alleged  to  be  so  rough  as  Mr.  Marth  would  imply;  and  we  hope 
that  things  are  in  a  better  state  than  he  imagines. 

Mr.  Stone.  Some  years  ago  I  tried  the  same  questicMi  with  the 
Greenwich  observations ;  but  I  do  not  recollect  the  year,  nor  do  I 
recollect  the  result ;  but  it  came  to  something  very  small.  I  can- 
not jeoollect  whether  mipe  had  the  same  sign  or  not. 

Mr.  Marth  presented  an  ephemeris  for  physical  observations  of 
Jupiter,  and  pointed  out  that  if  observers  would  note  the  time 
when  a  spot  bisects  the  chord  (representing  its  apparent  path  acroes 
the  disk)  no  correction  would  be  required  on  account  of  Uie  spof  a 
latitude;  whilst  if  the  time  of  passage  across  a  line  bisecting 
the  interval  between  two  lines  touching  the  limb  at  the  equator 
and  parallel  to  them  were  noted,  a  correction  would  be  necessary. 

Mr.  Christie  read  a  paper  by  Dr.  Henry  Draper  on  a  photo- 
graph of  Jupiter's  spectrum,  showing  evidence  of  intrinsic  light 
from  that  planet.  The  photograph  was  taken  on  1879,  Sept.  27, 
9*  45"  to  lo*"  45"  New  York  Mean  Time.  Mr.  Marth  had  informed 
him  (Mr.  Christie)  that  the  red  spot  was  not  visible  on  the  disk  at 
that  time. 

Mr.  Banyard.  I  should  have  liked  some  more  details  with 
regard  to  the  length  of  the  slit.  On  looking  at  the  photograph  it 
would  appear  that  the  breadth  of  the  spectrum  of  Jupiter  does  not 
correspond  with  the  breadth  of  the  planet's  disk.  The  edges  of 
the  spectrum  are  not  sufficiently  shaded  off.  They  look  as  if  they 
were  too  sharply  cut.  One  would  also  like  to  know  some  further 
details  about  the  instrument  with  which  it  was  taken,  and  whether 
it  could  possibly  be  an  optical  effect  insteafl  of  a  physical  effect. 
I  do  not  see  from  the  argument  in  Dr.  Draper's  paper  that  it  is 
necessarily  due  to  the  emission  of  rays  from  the  planet,  and  not  to 
absorption  by  the  atmosphere  of  the  planet. 

Mr.  Christie.  As  regards  the  details,  nothing  is  mentioned  as 
to  the  height  of  the  slit :  the  only  thing  mentioned  is  that  there 
was  an  exposure  of  50  minutes  ;  and  from  the  statement  that  the 
photograph  was  taken  with  a  telescope  of  183  inches  focal  length 
I  infer  that  it  was  Dr.  Draper's  refractor.  I  believe  his  reflector 
is  not  at  present  in  use. 

Captain  Ahney.  I  think  we  must  have  a  little  more  inf(»mation 
before  we  can  accept  Dr.  Draper's  statement  that  Jupiter  emits 
light.  As  you  are  aware,  if  you  have  an  emission  of  light,  it  would 
first  affect  the  rays  of  lower  refrangibility  and  not  those  of  high^ 
refrangibility ;  but  that  is  not  the  case  in  the  photograph,  I  think. 
Another  thing  is  that  when  a  refractor  is  used,  the  focus  of  the 
telescope  has  a  great  effect,  because  the  part  which  you  usually 
focus  is  the  most  visible  portion  of  the  spectrum,  viz.  the  part  in 
the  green  or  the  blue,  and  beyond  Q-  there  will  be  a  spreadmg-out 
of  the  spectrum  and  an  overlapping  of  one  part  of  it.    Also  that 
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will  account,  to  a  great  extent,  for  the  darkening  around  G-  when 
it  was  out  of  focus.  Anybody  who  takes  spedxum  photographs 
will  be  aware  that  there  is  very  often  a  variation  in  the  intensity  of 
the  light  of  an  image  of  a  celestial  body.  Without  referring  to 
Dr.  leper's  view,  that  Jupiter  emits  light,  I  think  that  the  phe- 
nomenon shown  on  the  plate  is  principally  due  to  an  optical  and 
photographic  defect. 

Lord  Lindsay,  If  I  remember  right,  the  instrument  which  Dr. 
Draper  uses  for  photographing  is  the  achromatic,  corrected  for  the 
photographic  rays  by  the  addition  of  a  third  lens.  I  do  not  think 
that  the  argument  that  the  light  is  from  a  different  part  of  the 
spectrum  would  apply  in  this  case,  because,  so  far  as  I  recollect, 
the  photographic  focus  of  the  telescope  is  brought  as  near  as  pos- 
sible to  the  visual  focus. 

Mr.  Christie.  Dr.  Draper  explains  how  in  his  photograph  of  the 
stellar  spectra  he  arranges  that  the  rays  about  H  shdl  come  to  a 
focus,  so  that  the  part  of  the  spectrum  about  Gj-  is  spread  out  very 
much,  and  the  intensity  being  reduced,  the  same  exposure  would 
do  for  different  parts  of  the  spectrum,  counteracting  in  that  way 
the  different  actinic  effects.  He  relied  upon  this  want  of  achro- 
matism as  an  advantage.  I  think  this  photograph  of  the  spectrum 
of  Jupiter  was  taken  under  the  same  conditions  as  the  photographs 
of  the  stellar  spectra.  Of  course  these  details  are  not  very  ex- 
plicitly stated  in  the  paper ;  but  this  is  an  inference  from  his  pre- 
vious paper. 

Captain  Ahney,  The*  phenomenon  seen  in  that  photographic 
spectrum  of  Jupiter  is  by  no  means  a  rare  one,  because  I  have  often 
got  in  it  photographic  spectra  of  the  Sun  with  a  real  image  of  the 
Sun  upon  the  slit.  It  has  nothing  to  do  with  the  spectrum  itself ; 
it  is  simply  attributable  to  a  photographic  defect  in  focusing  the 
object,  li  I  had  seen  the  photograph,  I  should  have  said  at  once 
that  the  phenomenon  was  a  defect,  and  should  have  rejected  it  in 
consequence.  If  another  photograph  had  been  taken  during  another 
hour  very  likely  that  phenomenon  would  not  have  been  observed. 

Mr,  Banyard,  The  effect  is  similar  to  an  over-exposed  photo- 
graph. One  can  understand  that  the  foci  of  the  different  rays 
would  be  in  different  planes  and  the  slit  of  the  spectroscope  woidd 
not  be  in  focus  all  over  the  spectrum.  If,  for  example,  the  rays  of 
higher  refrangibility  had  not  come  to  focus,  the  central  part  of  the 
spectrum  would  be  illuminated  by  light  that  had  come  from  the 
top  of  the  slit  and  from  the  bottom  of  the  slit,  and  so  would  be 
more  intense.  But  in  this  spectrum  the  edges  are  brighter  at 
one  end,  whilst  at  the  other  end  the  centre  is  brighter.  One 
would  thick  that  the  same  effect  ought  to  be  produced  at  either 
end.  One  cannot  conceive  that  it  is  the  effect  of  over-exposure 
leaving  a  more  intense  edge  to  the  spectrum,  because  at  the  end  of 
the  spectrum  the  intensity  of  the  light  decreases.  I  have  seen  the 
same  effect  of  brightness  in  the  centre  produced  by  solarization. 
Mr.  Brett.    The  shadows  of  Jupiter's  satellites  are  usually  said 
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to  be  black ;  and  though  I  do  not  pretend  to  assert  that  black  does 
not  emit  rays  of  light,  still  I  presume  that  a  plate  must  be  remark^ 
ably  sensitive  in  order  to  record  the  spectrum  emitted  from  a  part 
of  Jupiter  shielded  from  the  Sun's  rajs  where  his  intrinsic  light 
alone  would  be  visible. 

Captain  Ahney.  I  think  the  effect  is  not  due  to  solarization  at 
all.  I  think  it  is  an  optical  photographic  defect,  because  if  it  were 
due  to  solarization  it  would  be  about  the  line  G,  and  not  above  A, 
as  is  seen  there. 

Mr.  BanyarcL  You  could  not  explain  how  the  edges  of  the 
spectrum  ought  to  be  more  intensely  acted  upon. 

Captain  Ahney,  That  is  all  produced,  I  think,  from  the  same 
causes  as  in  the  solar  spectrum.   It  is  from  want  of  proper  focusing. 

Mr.  Christie.  Any  one  who  looks  at  the  spectrum  of  a  star  will 
see  that  it  runs  off  in  a  trumpet  shape  towards  the  violet  end. 
That  might  account  for  the  phenomenon  of  the  edges  being 
bright.  And  at  the  blue  end  the  brightness  in  the  mid<£fe  may  be 
accounted  for  by  the  intrinsic  brightness  of  the  equatoreal  part  of 
Jupiter. 

f  Mr.  Olaisher  read  three  papers  by  Mr.  Tebbutt : — (i)  "  Notice  of 
the  Great  Southern  Comet;"  (2)  "On  the  Longitude  of  the 
Observatory,  "Windsor,  New  South  Wales ; "  and  (3)  "  On  the 
VariabiHty  of  B.A.C.  2472." 

Also  a  paper  by  the  Rev.  S.  J.  Johnson^  "  Central  Solar  Eclipses 
in  Great  Britain  during  1000  years." 

Also  a  paper  by  Mr.  D.  P.  Todd,  of  the  Nautical  Almanack  Office, 
"Washington,  "On  a  Mechanical  Attachment  for  Equatorial 
Mountings  to  facilitate  sweeping  in  B.A." 

Mr,  Common.  It  would  be  interesting  to  know  whether  the 
principle  brought  forward  by  Mr.  Todd  has  priority  over  the  prin- 
ciple brought  out  by  Seveme  and  published  in  the  *  Times '  last 
year.  The  practical  application  was  shown  at  the  Conversazione 
of  the  Boyal  Society  a  few  weeks  ago.  TVo  pieces  of  platinum 
wire  were  so  hung  that  a  compass-needle  touching  either  of  them 
would  show  where  there  was  any  deviation  from  the  course.  It  is 
called  a  tell-tale  compass,  and  a  great  deal  was  made  of  it.  This 
is  identically  the  same  thing.  It  tells  you  when  there  is  a  certain 
deviation  of  the  vernier  of  the  circle  on  either  side.  It  appeam 
Mr.  Todd  invented  this  in  1877,  and  Seveme's  was  published  as  a 
new  principle  in  the  autimin  of  1879. 

Lord  Lindsay,  Is  there  any  thing  new  in  having  a  check  put 
upon  the  telescope  in  one  direction  ? 

Mr.  Common.    It  is  not  a  check ;  it  is  a  tell-tale. 

Mr.  Christie.  In  this  case  it  is  simply  the  application  of  that 
principle  to  this  particular  work  of  sweeping  in  B.A.,  and  the  sug- 
gestion of  a  practical  improvement.  There  is  no  particular  novelty 
in  the  principle. 

Mr.  Bosanquet  exhibited  and  described  th^  working  of  a  preces* 
sional  globe  which  he  had  himself  constructed  for  ^culating  the 
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effects  of  precession  for  every  particular  star.  He  was  not  aware 
till  that  evening  that  a  globe  of  a  similar  character  was  in  the 
possession  of  the  Society. 

Mr.  Christie.  We  have  also  a  similar  globe  at  the  Greenwich 
Observatory  which  the  Astronomer  Eoyal  had  made  some  thirty  or 
forty  years  ago ;  and  we  have  often  found  it  useful  when  we  are 
troubled  with  questions  on  Babylonian  and  Egyptian  astronomy, 
as  to  the  heliacal  rising  and  setting  of  stars,  and  so  on.  Now  that 
Mr.  Bosanquet  has  made  this  globe,  we  may  hope  that  these  ques- 
tions will  be  addressed  to  him,  as  he  has  entered  so  fully  into  the 
subject,  and  is  so  much  more  competent  to  answer  inquiries. 

The  President.  I  ought  not  to  leave  the  Chair  without  mention- 
ing the  most  serious  loss  which  the  Eoyal  Astronomical  Society 
has  sustained  in  the  death  of  Prof.  Peters,  the  Director  of  the 
Eoyal  Observatory  of  Kiel,  and  for  so  long  a  time  the  editor  of  the 
*  Astronomische  Nachrichten.'  He  died,  after  a  long  illness,  on 
Saturday  last ;  and  it  is  only  right  that  from  this  Chair  some  ex- 
pression of  regret  should  be  made  to  the  Fellows  of  the  Society  at 
the  loss  to  Astronomy  from  his  death. 

Lord  lAiidsay.  Would  it  be  in  order  for  the  Meeting  to  request 
the  CJouncil  to  express  their  sympathy  with  his  widow  ? 

The  President.  If  it  is  the  pleasure  of  the  Meeting,  the  Council  will 
send  an  expression  of  regret  and  condolence  to  Prof.  Peters's  widow. 

Lord  Lindsay.  Might  I  ask  if  any  reliable  information  has 
come  from  the  Cape  about  the  great  Southern  Comet  ? 

The  President.  There  have  been  some  observations  from 
Melbourne,  but  the  best  series  of  observations  are  those  made  by 
Dr.  Gould.  We  must  rely  mainly  upon  his  observations  for  ele- 
ments in  the  present  year. 

The  following  gentlemen  were  balloted  for  and  duly  elected 
Fellows  of  the  Society :— T.  Buckney,  L.  A.  Eddie,  T.  GuUon,  and 
N.  PerinL 

The  Meeting  adjourned  at  ten  o'clock. 


On  Comets  and  Ultra-Neptunian  Planets*. 

The  object  of  the  present  communication  is,  first,  to  show  reasons 
^f  or  a  belief  in  the  existence  of  two  planets  whose  orbits  are  greater 
than  that  of  Neptune;   and,  secondly,  to  indicate  the  probable 
positions  of  these  planets. 

The  whole  of  this  research  is  founded  upon  the  theory  of  the 
introduction  of  comets  as  permanent  members  of  the  solar  system, 
which  is  now  generaUy  held.  According  to  this  theory,  comets  are 
bodies  of  size,  composition,  and  character,  which  we  need  not  at 
present  discuss,  but  which  move  through  interstellar  space  subject 
to  the  laws  of  gravitation.    Every  time  that  such  a  comet  becomes 

*  Abstract  of  a  Memoir  read  before  the  Eoyal  Society  of  Edinburgh,  by 
ProL  G^rge  Forbes.    From  an  advance  copy. 
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sensibly  attracted  by  any  star,  such  as  we  have  reason  to  suppose 
our  Sun  to  be,  it  is  attracted  towards  it,  and  tends  to  describe 
about  it  an  orbit  sensibly  parabolic. 

Let  us  call  the  distance  of  the  Earth  from  the  Sun  one  Earth's 
radius.  The  orbits  of  comets  thus  attracted  into  the  Sun's  neigh- 
bourhood, though  on  the  numerical  average  parabolic,  may  haye 
these  orbits  transformed,  by  planetary  perturbation,  eith^  into 
ellipses  or  hyperbolae.  If  the  comet  approadi  a  planet  in  such  a 
manner  that  its  velocity  is  increased,  it  then  will  describe  a  hyper- 
bolic orbit  in  future,  and  will  never  again  return  to  the  Sun.  But 
if  the  action  of  the  planet  be  such  as  to  reduce  the  velocity  of  the 
comet,  it  will  then  for  the  future  revolve  in  an  elliptic  orbit  round 
the  Sun,  which  may  have  its  elements  altered  by  planetary  pertur- 
bations, and  which  may  eventually  be  actually  in  this  way  driven 
out  of  the  solar  system  altogether,  but  which,  in  default  of  theee 
accidental  occurrences,  must  become  a  permanent  member  of  the 
solar  system. 

It  has  long  been  known  that  the  aphelion-dlstanoes  of  comets  are 
grouped  in  classes  at  definite  distances  from  the  Sun.  Thus  we 
know  that  there  is  a  large  group  of  comets  whose  aphelion- distance 
is  about  the  same  as  the  distance  of  Jupiter  from  the  Sun.  Jupiter^s 
distance  is  5  Earth's  radii,  and  there  are  i  t  periodic  oomets  \diose 
aphelion-distance  is  between  4  and  6  Earth's  radii.  Neptune's 
distance  is  30  Earth's  radii,  and  there  are  six  comets  whose  aphelion- 
distances  vary  from  32  to  35  Earth's  radii. 

arhUi. 

Aph.Disi. 
181*4 
285-2^ 

303-8 
322-8 

359 
377 
388 
4207 

533-6 
6i7-o 
620*0 
624*0 

754-3 

823-6 

2971*3 

3209-9 

4275-6 

^  [With  regard  to  this  group  of  Beven  comets,  it  is  to  be  remarked  that  for 
the  Comet  of  1843  Prof.  MubbEtrd  deduced  an  aphelion-distance  173  from  all 
the  observatiouB,  and  131*4  from  the  micrometer  measures  alone  (period  533 
years),  and  not  xoo  (period  376  years)  as  stated  here  and  elsewhere.     If,  as 


Aphelion  distance 

of  all  the  Comets  revi 

living  in  elliptic 

Comet.         Aph.  Dist 

Comet        Aph.Dist. 

Comet 

Encke's    . .     4-1"' 

1852  iv  . .      32-0"^ 

1811  il   .. 

Pons'    4*8 

1812....     33*4 

1807 

1844  i 5-0 

1815....     34-0 

1858  vi  .. 

^7431  ..-.     5*3 

1846  iv  . .     34*5  r 

1769  .... 

176611....     5*5 

1847  V  .  .•    35*o 

1840  11  . . 

1819111    ..     S'S 

>- 

Halle/s  .     35-4J 

1827  ill .: 

Brorsen's..     5*6 

1862  Hi   .     48*6 

18461   .. 

Lexell's    . .     5-7 

1683  ....     65-5 

i8iii    •. 

1846  ill    . .     5*7 

1857  iv..     74'9 

1825  iv  .. 

D'Arresfs .     5-7 

1845111..     78-9 

1822  iv  .- 

Faye's 6-o 

1840  iv  . .     96-7^ 

1680 

Blela's 6-2j 

1843  i   . .   loo-o 

1851  ill .. 

1783!....     7*8 

1846  vii  .   io8-2 

1763;;.. 

1846  vl    . .     9*4 

1861  i   ..   IIO-3  r 

1849  ^  •  • 

1858  1 ii-o 

1793  11  ..   iiro 

1830!    .. 

1866  i i6-8 

1861  11   ..     111*2 

1780!    .. 

1863  V 27-6 

1855  11  . .    124-2^ 

1844  u  . . 

■'I 
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On  tabulating  the  aphelion-distances  of  all  the  known  elliptic 
orbits  of  comets  *,  it  was  found  that  in  no  case  was  there  any 
grouping  (^  aphelion  comet  distances  which  did  not  agree  with  the 
distances  of  planets,  except  that  beyond  the  distance  of  Neptune 
there  were  two  groupings  of  comet  aphelion-distances,  one  at  loo 
Earth's  radii,  the  other  at  300  Earth's  radii,  approximately. 

Taking  Prof.  H.  A.  Newton's  theory  with  respect  to  the  intro- 
duction of  comets  into  the  solar  system,  it  would  follow  that  the 
disturbing  planet  must,  at  the  time  when  a  comet  was  so  introduced, 
have  been  somewhere  near  the  position  of  the  comet's  aphelion. 
Two  hypotheses  then  present  themselves  : — (i)  We  may  suppose 
that  the  planet  must  have  been  extremely  close  to  the  comet  when 
it  influenced  it,  in  which  case  it  would  be  necessary  to  prove  that 
the  aphelion-positions  of  a  fair  proportion  of  these  comets  lay  in 
one  plane  which  passes  through  the  Sun.  In  this  case  we  could 
determine  the  date  when  the  planet  was  in  some  definite  positions, 
and  so  might  predict  its  present  position.  (2)  We  may  suppose 
that  the  planet  revolved  in  some  orbit  close  to  the  ecliptic,  and 
assume  that  it  attracted  the  comet  into  the  solar  system,  when  it 
was  most  near  to  the  comef  s  aphelion-position. 

From  the  elements  of  the  seven  comets  ranging  from  Aph. 
Dist.  967  to  124*2,  the  longitudes  (measured  along  the  ecliptic) 
and  latitudes  of  the  aphelion-positions  were  calculated  (see  Table, 

p.  443). 

These  points  were  marked  by  wafers  upon  a  celestial  globe,  and 
it  was  immediately  evident  that  the  four  Comets,  I.,  11.,  IV.,  and 
YII.,  have  their  aphelion-positions  almost  exactly  on  one  great 
circle.  The  exactness  of  the  coincidence  is  so  remarkable  that  there 
were  strong  reasons  for  believing  that  the  planet  must  have  been 
close  to  each  comet  at  the  time  when  it  deflected  it  from  a  para- 
bolic orbit.  Consequently  this  plane  was  examined  on  the  suppo- 
sition that  it  is  the  plane  of  the  planet's  orbit.  The  longitude  of 
its  ascending  node  is  at  250^,  and  it  cuts  the  ecliptic  at  an  angle 
of  53°.  This  is  a  high  inclination ;  but  when  we  think  of  the 
satellites  of  ITranus  and  Neptune,  which  have  high  inclinations 
and  retrograde  motion,  and  of  the  divergence  of  Neptune  from 
Bode's  law,  we  lose  confidence  in  a  belief  of  the  maintenance  of 
all  the  general  features  characteristic  of  the  nearer  planets  in  those 
orbits  which  are  near  the  limits  of  the  solar  system.  In  fact,  if, 
as  we  may  suppose,  there  are  at  least  two  planets  beyond  Neptune, 


appears  probable,  this  comet  be  identical  with  the  great  southern  comet  of 
tnis  year,  its  period  must  be  37  years  instead  of  53^  years.  Also  for  Comet 
1793  ii  D'Anrast  fomtd  that  the  observations  (extending  over  2^  months)  were 
eaually  well  satisfied  by  a  parabola.  For  Comet  1855  ii  Schulze  deduced  an 
ellipse  with  an  aphelion-distance  of  <7  instead  of  124*2  as  found  by  Donati. 
As  regards  the  other  four  comets,  the  aphelion-distances  deduced  by  other 
calcidators  agree  pretty  doeelv  with  those  here  given. — ^Ed.] 

*  Those  in  G.  F.  Cluunbers^  '  Astrcmomy '  have  been  adopted,  as  his  oatalogoe 
is  an  impartial  selection  of  the  beet  orbits  computed. 
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it  is  quite  a  possibility  that  there  may  be  a  special  plane  in  whidi 
they  move,  and  which  in  those  vast  orbits  supplants  the  ecliptic. 

We  now  have  to  see  whether  the  motion  of  a  planet  about  loo 
Earth's  radii  from  the  Sun  with  a  period  of  about  looo  years  could 
bring  it  into  the  position  of  these  aphelia  at  the  dates  when  the 
comets  were  there,  either  in  the  last  revolution  of  the  planet,  or  at 
least  the  last  but  one.  [If  the  comet  was  caused  to  move  in  an 
elliptic  orbit  earlier  than  the  last  revolution  but  one,  it  would  have 
returned  so  often  to  the  neighbourhood  of  other  planets  that 
probably  it  would  have  met  with  planetary  perturbations  which 
would  have  altered  its  orbit  entirely,  and  might  have  reduced  the 
orbit  to  one  like  those  of  Comets  IIL,  V.,  and  VI.,  which  Lave 
their  aphelion-positions  not  in  the  plane  of  those  of  the  Comets  I., 
n.,  IV.,  and  VII.] 

Such  a  planet  would  come  into  juxtaposition  with  the  four 
aphelia  in  the  course  of  two  revolutions,  arriving  at  each  one  at 
the  time  when  the  corresponding  comet  may  have  been  expected 
to  have  been  in  aphelion,  as  is  shown  in  the  following  Table : — 


Oomet. 

Period 
in  years. 

ApheUon 
date. 

A.D. 

Aphelion 
long. 

Planefs 
long. 

Difference. 

IV. 

L 

VU. 

n. 

1861 i   .. 
1840  iv. . 
1855  u  . . 
18431  •■ 

4IS 
493 
376 
344  ±8 

409 

968 

1608 

29 

203 

82 

0 

19 
318 

87 

>05 

0 

—  10 

+  15 
+  3 

—  10 

The  period  of  revolution  of  the  planet  is  taken  as  1006  years. 

According  to  this  hypothesis,  Cometh  VII.  and  II.  were  affected 
by  the  planet  when  it  was  last  in  these  positions.  Comets  IV.  and 
I.  in  a  previous  revolution  of  the  planet.  "We  have  to  suppose, 
then,  that  Comets  VII.  and  II.  have  only  once  appeared  in  the 
neighbourhood  of  the  Sun,  that  Comet  I.  has  appeared  three  times 
altogether,  and  Comet  IV.  so  many  as  four  times.  Comet  I.  has 
been  supposed  to  be  identical  with  Comet  1490  a.d.,  and  it  ought 
to  have  appeared  before  in  the  year  11 40  a.d. — giving  a  period  of 
350  years,  and  dates  of  aphelion-passage  in  the  years  1668,  13 18, 
968  A.D.  Comet  IV.  has  a  calculated  period  of  415  years,  which 
gives  for  the  dates  of  aphelion-passage  the  years  1654,  1239,  824, 
409  A.D. 

As  to  Comet  IV.  it  was  visible  to  the  naked  eye  in  1861,  and 
ought  to  have  been  seen  in  the  years  1446,  1031,  6i6aj>.  As  a 
matter  of  ^t,  we  find  from  historical  accounts  that  comets  were 
seen  in  the  years  1444,  1032,  and  617  a.d.  All  these  comets  were 
seen  at  about  the  same  time  of  the  year  (midsummer),  t.  e,  when 
the  Earth  was  in  the  same  position,  and  they  were  all  seen  to  pass 
near  to  the  star  /3  Leonis.  It  is  then  shown  that  in  the  July 
position  of  the  Earth  we  should  see  the  Comet  1861  i  pass  close  to 
the  star  /3  Leonis,  and  the  identity  of  the  four  comets  is  thence 
concluded. 
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A   MONTHLY   EEVIEW   OF   ASTRONOMY. 

No.  39,  JULY  1.  1880, 

MEETING  OP  THE  EOTAL  ASTBONOMICAL  SOCIETY. 

Friday,  i88o,  June  ii. 

J.  E.  HmD,  E.B.S.,  President,  in  the  Chair. 

Secretaries :  W.  H.  M.  Oheistib,  M.A.,  and 
J.  W.  L.  Glaishbb,  M.A.,  P.E.S. 

The  Minutes  of  the  previous  Meeting  were  read  and  confirmed. 

Mr.  Christie  announced  that  6i  presents  had  been  received  since 
the  last  Meeting,  including  a  photograph  of  the  Moon  by  Pro- 
fessor Fritchard,  and  two  photographs  of  the  Oxford  University 
Observatory. 

The  thanks  of  the  Meeting  were  voted  to  the  respective  donors. 

Prof.  Pritehard  read  a  paper  **  On  the  first  Results  of  Eesearches 
connected  with  the  Lunar  Physical  Libration  made  at  the  Oxford 
University  Observatory,"  in  the  course  of  the  reading  of  which  he 
remarked  on  the  fact  that  hitherto  but  very  little  attention  had  been 
paid  in  the  Oxford  Observatory  to  lunar  photography  in  a  purely 

Sictorial  sense,  but  he  referred  to  the  beautiful  photograph  of  the 
loon  which  he  had  presented  to  the  Society  as  an  instance  of  what 
mi^ht  still  there  be  done  in  that  direction,  and  in  other  observa- 
tories, with  improved  instruments. 

After  describing  the  instruments  used  in  the  Libration  research, 
he  referred  to  the  laborious  and  delicate  nature  of  the  operations 
required ;  and  although  absolute  accuracy  might  not  be  attainable, 
still  he  considered  that  he  had  already  reached  to  a  very  fair  ap- 
proximation to  the- law  and  the  amount  of  the  Moon's  rotationiBl 
inequalities.  On  the  resumption  of  the  Meetings  of  the  Society 
in  November  he  hoped  to  be  able  to  complete  the  final  numerical 
results,  as  well  as  an  account  of  the  general  mathematical  methods 
pursued  in  a  much  more  extended  series  of  computations  with 
TOL.  in.  2  k 
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regard  to  both  the  spots  selected  on  the  Moon ;  these  two  spots  will 
thus  become  a  matual  check,  and  may  serve  to  secure  the  truth 
of  the  case,  and  with  the  truth  alone  he  was  really  concerned.  "  We 
possess,''  he  added,  ^*  about  1200  photographs,  extending  through 
upwards  of  four  years ;  I  propose  to  calculate  some  of  them  through 
at  least  two  years  further.  If  any  astronomer,  competent  to  the 
task,  desires  to  extend  the  computation  still  further,  and  he  does 
not  become  heartily  tired  of  the  task,  I  do  not  doubt  our  photo- 
graphs may  be  at  his  disposal.  But  I  think  the  upshot  of  the  case 
^¥Ould  be,  that  the  ultimate  result  would  not  diner  considerably 
from  that  already  obtained,  viz.  that  the  Moon's  rotational  ine- 
qualities exist  as  a  physical  fact,  and  that  they  arise  in  the  manner 
and,  generally  speaking,  to  the  amount  indicated  by  theory,  viz. 
*£rom  the  gravitational  action  of  the  Earth  on  the  Moon,  the  figure 
of  which  is  very  approximately  spherical." 

Mr.  Neison,  I  should  not  rise  to  make  any  remark  upon  Prof. 
JPritchard's  paper,  if  it  were  not  that  I  thought  I  might  make  some 
suggestions  which  would  be  of  use  to  him  perhaps  in  the  course  of 
his  reductions.  He  would  be  in  a  position  before  completing  his 
labours  to  ascertain  how  far  the  objections  which  I  have  to  urge 
have  any  effect  upon  his  investigation.  First,  I  would  remark 
that  when  Wichmann  made  his  long  series  of  investigations,  he 
found  that  the  great  objection  to  the  method  was  that  there  were 
irregularities  at  different  parts  of  the  limb;  and  he  found 
that  though  the  measures  from  different  points  on  the  same  day 
agreed  &irly,  yet  that  in  the  results  for  Afferent  days  the  disore- 
panpy  then  came  into  play.  He  found  that  the  inequalities  in  the 
limb,  which  were  brought  into  view  by  libration,  and  then  moved 
out  again,  so  affected  i£e  resultant  measures  as  to  ronder  his  results 
almost  valueless.  I  want  to  point  out  further  that  there  is  a  rela- 
tion between  the  period  of  the  physical  libration  and  the  periods 
in  which  these  elevations  and  depressions  aro  produced,  which  has 
a  systematic  effect  for  years  at  a  time.  Supposing  we  have  an 
elevation  and  a  depression  alternately  upon  a  portion  of  the  limb 
for  two  or  three  years  at  a  time,  the  exist^ice  of  that  inequality 
will  cause  an  amount  of  physical  libration  in  the  Moon  amounting 
to  about  i"  or  i^'  of  aro,  just  such  a  quantity  as  has  been  actually 
observed. 

Ptof .  Pritchard  romarks  that  he  takes  two  points  on  the  Moon's 
disk.  I  would  point  out,  if  thero  is  any  systematic  error  arising 
from  inequalities  in  the  limb,  it  would  be  the  same  at  both  points, 
with  hardly  any  appreciable  difference.  The  accordance  of  his 
results  from  the  two  points  would  be  no  test  of  accuracy,  and  no 
proof  that  thero  aro  not  systematic  errors  due  to  irr^iularities 
on  the  limb.  Prof.  Pritchard  romarks  that  results  hi^erto  ob- 
tained have  been  in  accordance.  I  would  romark  that  this  ine- 
quality that  I  draw  attention  to  has  a  period  of  nine  years.  It  ia, 
in  fact,  the  period  of  rotation  of  the  lunar  perigee.  Supposing 
we  take  Prof.  Pritchard's  case,  which  we  assume  is  about  ridit,  his 
obseryationa  aro  about  1878.    Supposing  we  go  back  exac^y  four 
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revolutions,  or  36  years,  we  come  to  1842  ;  that  is,  to  the  epoch 
of  Herr  Wichmann's  meafiiires.  The  same  systematic  error  woich 
affected  the  one  result  will  affect  the  other. 

Prof.  Pritchard.    Mine  were  taken  in  1876, 1  think, 

Mr,  Nelson.  That  would  not  make  any  difference.  However, 
these  observations  were  made  in  184 1  and  1842.  Prof.  Pritchard 
alluded  to  the  results  obtained  by  Bouvard  and  Nicollet.  But  suppos- 
ing we  go  back  36  years  more  (it  is  not  quite  36  years,  for  the  lunar 
perigee  is  not  quite  nine  years),  we  come  to  1806,  the  very  time 
that  those  measurements  were  made  by  Bouvard  and  Nicollet;  so 
that,  if  there  is  any  error,  it  will  affect  all  three.  Let  us  take 
another  series  of  measures,  which  Prof.  Pritchard  does  not  allude 
to;  that  is,  that  which  was  made  by  Nicollet  ini8i5ori8i6,  just 
one  period  from  that,  briuging  every  one  of  the  four  under  the 
same  systematic  error  as  I  draw  attention  to  in  this  case  of  Prof. 
Pritchard,  so  that,  if  there  is  any  libration,  or  any  inequality  of 
the  limb,  that  libration  would  be  of  the  same  kind,  and  have  the 
same  effect,  throughout  the  whole  four  series  of  observations  *. 

Mr.  Marth.  If  the  last  were  in  1876,  there  would  be  three 
revolutions  and  a  half  instead  of  four  revolutions. 

Mr.  De  la  Bue.  I  am  sure  that  in  what  Mr.  Neison  has  said  he 
has  no  intention  of  decrying  all  attempts  at  determining  this  very 
interesting  problem  of  lunar  libration ;  because,  unless  some  at- 
tempts are  made  from  time  to  time  with  the  methods  that  are  at 
our  disposal,  we  shall  never  be  able  to  arrive  at  any  conclusion 
respecting  it.  But  it  appears  to  me  that  Mr.  Neison  is  in  some 
error  as  to  the  methods  of  determining  the  distance  of  a  lunw 
crater  from  the  limb  of  the  Moon.  There  are  no  direct  measures 
made  from  any  one  point  of  the  lunar  periphery  to  a  spot,  and 
therefore  the  measurements  are  not  affected  by  slight  inequahties. 
It  is  the  general  circumference  of  the  Moon,  aa  in  measurements 
of  solar  photographs,  that  is  always  dealt  with.  The  general  con* 
tour  of  the  moon  in  reference  to  a  spot  is  determined  by  the  rota- 
tion of  the  micrometer,  and  the  gentlemen  who  take  the  trouble  of 
observing  it  will  find  that  there  are  means  of  doing  that,  and  then 
from  the  centre  determined  by  the  rotation  of  the  moon,  the  mi- 
crometer enables  us  to  determine  the  distance  of  any  other  spot 
from  the  centre  of  the  general  circumference  of  the  Moon, 

I  was  going  to  ask  l^of .  Pritchard  whether,  in  his  determina- 
tions, he  got  the  libration  that  ought  to  exist  in  the  same  direction 
or  whether  in  the  opposite  direction,  and  how  many  of  the  obser- 
vations confirm  his  general  result,  and  how  many  give  negative 
quantities.  Because,  if  there  are  a  great  number  of  negative 
quantities,  and  his  result  happens  to  be  a  happy  mean  of  the  dif- 
ference between  positive  and  negative,  of  course  the  result  has  not 
the  same  value  as  if  a  far  greater  number  of  the  results  were  of  a 
positive  character.    All  I  wish  to  say,  as  an  old  photographer -of 

*  [As  a  matter  of  &ot,  Bouvard's  observations  (reduced  by  Nicollet)  "were 
made  in  1808-1810  (a  few  only  in  1806) ;  Nicollet's  in  1 819-1820  ('  Oonn.  des 
Terns,'  1822,  1823);  and  Wiomnann'j^  in  1845  (Astr.  Naohr.  No.  630).— Ed.] 
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the  Moon,  is,  that  the  photographs  taken  at  Oxford  have  remaric- 
ably  good  deiinitioD.  NatunUlj  I  baye  taken  great  interest  in 
investigating  the  possibility  of  making  measurements  to  a  very 
small  fraction  of  an  inch  ;  for  example,  measurements  made, 
without  any  bias,  by  myself,  and  by  another  observer,  come  out 
one  after  the  other,  certainly  to  within  the  j'o^oo^^  ^^  *^  ^^^^*  ^ 
might  say,  in  many  cases,  to  the  ^  o  i  o  O'^^  ^^  ^^  ^^^ '  ^^^  ^  ^ 
say,  the  j-o^inrth  part  of  the  lunar  diameter.  All  I  can  say  is,  I 
congratulate  rrof .  Pritchard  on  the  remarkable  zeal,  industry,  and 
perseverance  which  he  and  his  two  observers  and  computers,  Mr« 
flummer  and  Mr.  Jenkins  have  evinced  in  this  laborious  under- 
taking.   (Applause.) 

Prof,  Pritchard.  I  have  been  accustomed  to  hear  exaggerations, 
but  I  declare  that,  in  all  my  experience,  I  have  never  seen  any 
thing  so  exaggerated  as  that  caricature  of  the  Moon's  disk  now 
drawn  upon  the  board  by  Mr.  Neison.  On  the  wall  you  see  Mr* 
Butherfurd's  beautiful  photograph  of  the  Moon,  and  underneath  it 
you  see  mine.  No  human  hands  have  touched  either  the  one  or 
the  other.  Mr.  Nelson's  drawing  on  the  board  is  the  work  of  a 
human  hand.  Now,  first  of  all,  Mr.  Neison  is  mistaken  if  he  sup- 
poses there  exists  any  known  term  in  the  physical  libration  having 
for  its  period  the  time  of  revolution  of  the  Moon's  perigee.  Every 
lunar  inequality  plays  its  part  in  the  rotational  inequalities,  and 
the  man  does  not  live  who  can  say  what  the  entire  period  for  the 
periodic  return  of  all  these  inequalities  may  be. 

Again,  the  photographs  were  not  taken  in  1 878 ;  they  were  taken 
in  1876.  It  was  in  1878  that  Dr.  De  la  Rue's  micrometer  arrived 
in  Oxford,  and  I  am  at  a  loss  to  understand  the  connexion  of  the 
period  of  the  revolution  of  the  perigee  with  either  facts,  even  when 
combined  with  Wichmann's  measures  in  1845  *« 

As  to  the  average  rotundity  of  the  Moon>  the  photographs  them- 
selves, now  hanging  on  the  wall,  our  own  repeated  measures  at 
Oxford,  and  Wichmann's  measures  at  Konigsberg,  place  the  ques* 
tion,  I  should  say,  beyond  a  doubt.  Surely  nothing  is  gained  in 
the  quest  of  truth  by  exaggerations  such  as  those  now  exhibited 
by  Mr.  Neison  on  the  b^rd  5  but  if  he  can  throw  any  new  light 
upon  a  difficult  subject,  or  if  he  will  indicate  any  really  improved 
method,  I  shall  be  most  thankful  to  adopt  it.  It  would  be  well  for 
us  all  not  so  much  to  search  for  objections,  as  to  search  for  and 
to  communicate  improvements. 

Mr,  Neison.  As  to  the  9  years  which  Prof.  Pritchard  sbrudc 
out,  I  stated  that  this  inequality  arises  from  the  inequalities  in  the 
Moon,  which  vary  in  the  same  period  as  the  revolution  of  the 
Moon's  perigee,  which  is  9  years,  imless  it  has  changed  within  the 
last  few  days. 

Prof.  Pritchard.    That  is  exactly  what  I  deny. 

*  [Note  by  Prof.  Pritchard. — On  calculation  it  appears  that  the  perspeetiTes 
of  the  Moon's  di^  (from  libration^  during  the  taking  of  the  Oxford  photographs 
happened  aoddentallj  to  be  as  widely  different  from  those  when  Wichmann's 
measures  were  made,  as  possibility  admits.] 
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Mr.  Nelson,  If  Prof.  Pritchard  will  deny  that  the  apparent 
libration  of  the  Moon,  which  depends  upon  the  equation  of  the 
centre  of  the  lunar  orbit,  does  depend  upon  the  revolution  of 
the  perigee,  then  I  am  willing  to  admit  that  my  methods  are  in- 
suiBcient.  He  seems  to  think  that  I  am  alluding  to  little  tiny  hills 
in  the  Moon.  J  am  alluding  to  ranges  of  mountains  which  extend 
along  the  Moon's  limb  for  several  hundreds  of  miles  at  a  time,  and 
the  peaks  which  have  been  measured  amount  to  four  miles  in  height. 
These  irregularities  are  not  small  things — there  are  peaks  of  all 
heights,  from  a  mile  and  a  half  to  four  miles,  extending  in  ranges 
for  50"^  or  60°.  These  mountains  will  produce  inequalities  in  the 
apparent  diameter  of  the  Moon  amounting  to  3"  or  4"  or  5"  of 
arc  It  is  those  which  have  this  efEect,  and,  I  maintain,  Prof. 
Pritchard  cannot  eliminate  them  by  taking  eight  or  nine  or  ten 
measures  from  different  parts  of  the  limb,  wichmann  points 
that  out  as  a  weak  point  of  his  own  method.  I  suggested  this  to 
Prof.  Pritchard  so  that  he  could  introduce  into  his  investigation 
an  inequality  of  unknown  value,  and  he  might  be  able  to  deter- 
mine whether  it  did  or  did  not  amount  to  any  thing,  and  show 
that  the  resultant  value  that  he  obtained  for  the  libration  of  the 
Moon  was  thoroughly  trustworthy,  and  obtained  without  neglect- 
ing any  precautions  whatever. 

Prof,  Pritchard.  I  have  been  now  engaged  four  years  upon  this 
subject,  and  I  absolutely  deny  that  the  period  does  depend  upon 
the  equation  of  the  centre.  The  equation  of  the  centre  gives  us 
about  40"  as  the  coefficient  of  an  argmnent ;  but  the  whole  effect 
of  this  is  so  small,  that  Nicollet  neglected  it.  It  depends  much 
more  upon  the  annual  equation,  the  effect  of  which  is  about  eight 
times  as  large  as  that  due  to  the  equation  to  the  centre.  There  is 
no  such  period  as  nine  years  connected  with  lunar  physical  libra* 
tion  that  I  know  of. 

Mr.  Christie.  Prof.  Pritchard  mentioned  that  the  distances  to 
eight  or  nine  points  of  the  limb  have  been  measured.  Mr.  Neison 
ta^  about  these  points  as  if  they  all  lay  within  a  small  arc  of  the 
Moon — an  arc  of  some  50°  or  60°,  which  I  think  Mr.  Neison  con* 
siders  his  mountains  may  extend  over.  The  question  is  whether 
these  measurements  were  made  within  a  limited  arc,  or  whether 
they  were  distributed  round  the  circumference.  Because,  of  course, 
the  ordinary  law  of  probability  of  error  would  show  that  if  they 
are  distributed  around  the  circumference  we  shall  eliminate  the 
effect. 

Prof.  Pritchard.  They  are  distributed  all  round  the  circum* 
ference  of  the  Moon. 

Mr.  Neison,    Not  on  one  photograph. 

Prof.  Pritchard.    Surely  the  Moon  has  more  limbs  than  one  I 

Mr.  Christie.  I  confess  I  feel  a  difficulty  in  understanding  how 
the  heights  of  mountains  which  extend  over  60^  can  be  determined* 
How  are  we  to  fix  what  the  general  level  is,  or  what  the  true  limb 
of  the  Moon  is  ?    Mr.  Neison  speaks  with  great  confidence  of  de«* 
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viationB  from  the  circle.  How  are  they  to  be  determined  ?  If  we 
knew  that,  then  they  could  be  applied  as  corrections.  But  per- 
haps they  will  be  eHminated  by  taldng  points  sufficiently  distant 
from  each  other.    That  is  a  question  which  we  want  elucidated. 

Mr,  Neison.  There  is  no  difficulty  in  determining  the  heights  by 
measuring  the  distance  of  a  crater  from  the  limb  on  different  days 
when  l^e  libration  is  different,  the  libration  being  easily  calculate. 
The  only  difference  between  me  and  Prof.  Pritchard  is  due  to  the 
fact  that  he  is  referring  to  periods  of  inequality  in  the  real  libra- 
tion ;  I  am  referring  to  periods  of  inequality  in  the  apparent  libra- 
tion. 

Mr.  De  la  Rue.  Eeference  has  been  made  to  Prof.  Wichmann's 
method  and  to  his  desire  to  obtain  photographs  to  measure  from. 
That  arose  from  this  circumstance :  in  1858  I  passed  through 
Konigsberg  on  my  way  to  Russia,  and  made  the  acquaintance  of 
Prof.  Wichmann ;  I  was  then  taking  photographs  of  the  Moon, 
one  of  which  I  gave  him ;  and  he  was  so  struck  with  their  sharp- 
Aess  and  the  facilities  that  they  would  afford  for  determining  the 
lunar  libration,  that  he  was  very  anxious  to  obtain  a  number  of 
them.  At  that  time  I  contemplated  staying  in  Russia ;  and  he 
then  had  recourse  to  the  Astronomical  Society  to  know  whether 
good  photographs  were  obtainable,  in  order  that  he  might  haye 
them ;  but  he  very  shortly  afterwards  died. 

Prof.  PriUhard  read  a  paper  on  the  construction  of  a  new  duplex 
micrometer,  adapted  to  measuring  the  angle  between  two  objects 
not  simultaneously  yisible  in  the  same  eyepiece.  Tbe  duplex 
micrometer  was  exhibited  at  the  meeting. 

Ixyrd  Lindsay.  Over  a  large  field  it  would  not  be  perfectly  flat^ 
and  I  think  there  would  be  distortion.  I  want  to  know  how  you 
manage  in  the  field  of  your  telescope  to  get  your  eyepiece  over  stars 
at  equial  distances  from  the  edges  of  the  field  of  view  so  as  to  get 
equal  distortions. 

Prof.  Pritchard.  A  most  fair  question.  That  is  a  difficulty 
which  has  occurred  to  Lord  Lindsay,  and  would  occur  to  any 
skilled  observer  like  himself.  What  we  have  done  is  this.  Before 
we  applied  this  instrument  to  actual  research  we  have  examined 
the  field  of  view  in  the  focal  plane  of  the  large  refractor  and  of  the- 
De  la  Rue  reflector.  We  took  two  pairs  of  stars,  each  at  about 
the  distance  of  20'  from  each  other.  We  then  placed  each  of  these 
pairs  in  various  positions  in  the  field  of  view ;  and  then  finding  the 
measured  distance  of  the  components  of  each  pair  unaltered  thereby, 
i  f  airiy  concluded  that  the  field  of  view  to  the  extent  of  a  diameter 
of  20'  was  sensibly  accurate  for  measurements  therein.  If  it 
were  not  so,  it  would  be  fatal  to  all  sorts  of  instruments. 

Mr.  De  la  But.  I  think  Prof.  Pritchard  has  overlooked  the 
heliometer  at  the  Radcliffe  Observatory. 

Prof.  Pritchard.  I  beg  pardon.  I  was  once  for  fifteen  months 
in  charge  of  that  institution,  and  I  know  that  heliometer  well ;  and 
all  I  can  say  is  that  I  consider  it  has  never  yet  been  effectively 
used ;  but  if  any  man  can  use  it  I  am  quite  sure  that  Mr.  Stone 
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is  the  man  who  can  and  will.  I  fullj  expect  that  Mr.  Stone  will 
have  perseverance  and  skill  to  turn  that  magoificently-intentioned 
instrument  to  very  good  practical  effect ;  hut  I  am  thankful  that 
I  have  not  the  charge  of  it.  Mr.  Stone  will  do  with  it  quite  as 
much  as  we  could  expect  from  any  living  astronomer. 

Mr,  Marih.  I  should  not  rise  if  it  were  not  in  obedience  to 
Prof.  Pritchard's  summons.  The  first  observer  who  used  a  ruled 
glass  plate  was,  I  think,  Tobias  Mayer ;  and,  indeed,  his  catalogue 
of  the  stars  in  the  Pleiades  was  made  with  such  a  glass  scale,  which 
he  had  constructed  with  his  own  hands  and  poor  tools.  This  was 
before  1750,  perhaps  in  1748.  At  that  time  there  lived  at  Augs- 
burg a  clever  mechanic  (Brander),  who  took  up  the  subject  properly, 
and  constructed  Brander's  glass  micrometers,  which  in  the  latter 
half  of  the  last  century  were  in  great  repute  and  much  used  for 
different  purposes.  A  description  of  some  of  them  was  published 
by  Lambert  about  1770,  in  which  he  proposed  for  large  distances 
the  use  of  two  eyepieces ;  and  I  think  Brander  made  several  micro- 
meters of  that  kmd.  I  have  never  seen  one ;  but  I  remember 
having  seen  it  stated  that  at  Augsburg,  where  Brander  lived,  the 
museum  contains  a  collection  of  some  of  his  instruments ;  so  that 
to  any  gentleman  present  who  may  travel  that  way  I  should 
suggest  to  look  at  them  and  to  let  us  know  what  they  are.  Of 
course  these  instruments  may  not  be  comparable  with  the  present 
one  in  beauty  of  detail ;  but  I  mention  them  merely  as  tne  first 
instances  of  the  principle  adopted. 

Dr.  Wentworth  Erck.  I  had  a  micrometer  of  very  much  the 
same  class  of  construction  made  about  ten  years  ago,  for  the  pur- 
pose of  measuring  the  positions  of  Sun-spots.  In  my  telescope 
the  diameter  of  the  solar  disk  is  about  an  inch.  Mine  is  a  great 
deal  simpler  than  the  instrument  which  Prof.  Pritchard  has  been 
describing.  I  had  the  glass  divided  by  squares  nistead  of  by  single 
lines,  so  that  there  were  ten  squares  in  the  radius  of  the  Sun.  The 
whole  of  this  scale  was  movable  by  a  micrometer-screw ;  but  it  had 
not  the  spider-lines  to  move  over  a  fixed  plate,  as  Prof.  Pritchard 
described.  Instead  of  having  two  eyepieces  to  move,  it  had  only 
one  eyepiece,  which  was  moved  in  a  groove  in  the  plate,  which  had 
an  independent  motion  round  about  on  the  axis  of  the  telescope, 
so  that  you  kept  moving  the  eyepiece  rapidly  from  one  to  the  other. 

Prof.  PritchanL  The  difficult  is  to  be  quite  sure  that  the  tele- 
scope does  not  move  while  you  shift  your  eyepiece. 

Dr,  Wentworth  Erck,  With  a  good  driving-clock  you  can  move 
from  one  to  the  other,  and  you  need  not  take  more  than  two 
seconds. 

Prof,  Pritchard  re&d  a  paper  describing  a  chronograph  which  had 
been  made  for  the  University  Observatory  at  a  cost  of  X7,  and 
with  which  the  time  could  be  measured  as  accurately  as  with  one 
costing  a  very  much  larger  sum.  It  was,  in  fact,  an  obvious  adap- 
tation of  Morse's  recordmg-telegraph ;  and  in  some  form  or  other 
he  has  since  heard  it  had  been  long  ago  adopted  in  some  Conti- 
nental observatories.    Mr.  Grubb  of  Dublin  constructs  it. 
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Lard  Lindsay.  As  Mr.  Marth  answered  for  Germany  in  the 
last  case,  I  will  answer  for  Scotland,  If  Prof.  Pritchard  vnX^  do 
me  the  honour  of  a  visit,  I  will  show  him  an  instrument  I  used 
in  Mauritius.  It  is  a  Morse  instrument  with  two  levers  and  two 
sets  of  magnet«,  one  for  the  seconds'  taps  and  the  other  for  the  ob- 
servations. The  instrument  is  perfectly  satisfactory ;  but  if  the 
taps  are  not  read  off  pretty  soon  afterwards,  the  needle-punctures 
will,  from  changes  in  the  hygrometrical  state  of  the  paper,  be  gra- 
dually effaced.    My  chronograph  cost  a  great  deal  more  than  ^7. 

Mr,  Christie,  The  great  desideratum  is  a  cheap  instrument. 
The  Morse  costs  much  more  than  X7. 

Prof,  Wiedemann  was  introduced  to  the  Meeting  by  the  Presi- 
dent, and  at  his  request  Mr,  Schuster  gave  the  substance  of  a  paper 
by  him  on  a  Method  of  Determining  the  Pressure  on  the  Solar 
Surface.  The  general  principle  is  this : — ^If  we  try  to  produce 
interference-bands  by  means  of  two  different  lights,  we  snail  not 
succeed;  and  so  also  if  we  try  to  produce  interference  between 
a  light  as  it  is  now  and  as  it  will  be  after  a  short  time,  we  shall 
not  succeed,  because,  according  to  the  moleculiir  theory  of  gases,  the 
molecules  of  gas  suffer  a  sudden  disturbance  during  that  time ;  so 
after  a  short  time  the  same  light  will  behave  as  two  lights.  Sup- 
pose one  single  molecule  flying  about  through  the  gas,  as  long 
as  it  vibrates  freely,  we  shall  be  able  to  produce  interference ;  but 
as  soon  as  it  knocks  against  another  molecule,  there  is  a  sudden 
change  of  phase,  which  will  produce  a  sudden  disturbance  in  the  in- 
terference-bands. Wiedemann  suggests  that  we  should  obtain  a  ray 
of  light  as  homogeneous  as  possible  by  means  of  the  spectroscope 
and  then  produce  interference-bands.  By  counting  the  number 
of  these  bands  which  we  are  able  to  see,  the  mean  time  between 
the  two  encounters  of  molecules  can  be  calculated,  and  by  this 
again  the  pressure  of  the  gas  on  the  solar  surbce,  in  a  comet,  or 
even  in  a  nebula  can  be  determined.  I  think  the  principle  an  ex- 
ceedmgly  hopeful  one ;  only  I  would  suggest  not  to  count  the  number 
of  interference-bands,  but  simply  to  measure  their  intensity,  because 
of  the  enormous  differences  in  the  intensity  of  the  light. 

Mr,  Christie,  The  question  which  Prof.  Wiedemann  endeavours 
to  solve  is  one  of  more  importance  to  astronomy  than  might  appear 
at  first  sight.  A  short  time  ago  the  President  asked  me  whether 
any  information  could  be  given  as  to  the  pressure  at  the  Sun's  sur- 
face with  reference  to  the  retardation  or  friction  that  would. bo 
produced  on  a  Comet  such  as  that  of  1843  or  the  great  southern 
Comet  of  the  present  year.  So  that  it  is  not  merely  as  a  matter 
of  physics,  but  as  a  matter  of  gravitational  astronomy,  that  this 
question  comes  in  with  great  importance.  I  think  we  ought  to  be 
very  grateful  to  Prof.  Wiedemann  for  suggesting  a  method  by  which 
the  effect  of  the  solar  atmosphere  in  retarding  a  comefs  motion  can 
be  ascertained. 

Mr,  Olaisher  announced  the  receipt  of  a  paper  by  Prof,  Adams 
on  the  Constant  of  Lunar  Parallax ;  by  Mr,  jbosa^iquet  and  Prof^ 
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Sayce  on  Babylonian  Astronomy ;  by  the  Hev,  S.  J,  Johnson  on 
the  Coincidence  of  the  Sun-spots  and  Aurowe  in  olden  time ;  by 
Herr  Wayner  on  the  Star  No.  894  in  the  First  Greenwich  Seven- 
Tear  Catalogue ;  and  by  Herr  Lohse  on  the  Eefractive  and  Disper- 
sive Powers  of  various  kinds  of  Q-lass. 

Mr,  Marth,  in  presenting  an  addition  to  the  ephemeris  for 
physical  observatious  of  Jupiter,  said : — I  may  mention  two  mat- 
ters in  connexion  with  my  paper.  I  have  received  from  Mr. 
Trouvelot,  of  Cambridge,  Massachusetts,  some  observations  on  the 
red  spot  on  Jupiter  taken  in  1878.  He  states  that  during  that 
year  the  spot  had  gone  through  more  changes  of  form  than  in  1879 
or  1880;  BO  that  very  likely  greater  irregularities  in  its  motion 
will  be  found  in  that  year.  At  present  the  question  is  left  in  some 
uncertainty.  I  hope  observations  may  still  be  forthcoming  not  to 
leave  any  doubt  about  the  early  history  of  the  spot ;  and  at  any 
rate  I  hope  that  many  observers  .will  take  part  in  future  observa- 
tions, ana  watch  and  note  the  times  of  the  beginning,  middle^  and 
end  of  the  red  spot  crossing  the  central  meridian.  The  other 
matter  refers  to  observations  connected  with  the  figure  of  Jupiter 
itself,  for  the  correct  reductions  of  which  the  paper  supplies  the 
proper  data.  It  would  be  very  desirable  that  the  existing  uncer- 
tainty about  the  true  dimensions  and  ellipticity  of  Jupiter  should 
be  reduced  by  first-rate  observations. 

Mr.  Glaisher  announced  an  ephemeris  for  the  Satellite  of  Nep- 
tune by  Mr.  Marth,  also  a  paper  by  Major-Oen.  Baillie  on  a  simple 
method  of  finding  a  Meridian  Line. 

Mr.  Common,  This  is  a  description  of  a  method  of  finding  the 
meridian  and  getting  the  sidereal  time  by  observing  with  the  naked 
eye  the  reflection  of  two  stars  in  a  basin  of  mercury  by  means  of 
cross  wires  placed  above  it.  The  only  possible  use  it  might  have 
would  be  in  the  case  of  a  scientific  traveller  landing  on  a  desolate 
place. 

Captain  Noble,  Tears  ago  I  remember  a  paper  being  read  before 
the  .United  Service  Institution  describing  such  an  instrument. 

The  President.  The  Fellows  will  be  glad  to  hear  that  the  whole 
of  Mr.  Gill's  Ascension  work  has  been  received  from  him.  Mr* 
Christie  has  received  a  letter  from  him,  aud  will  read  one  or  two 
extracts. 

Mr,  Christie,  Mr.  Gill  has  deduced  from  his  heliometer  obser- 
vations of  Mars  at  Ascension  twenty-five  equations  of  condition 
from  which  he  determines  the  solar  parallax ;  and  he  finds  that, 
confining  himself  to  the  cases  of  evening  and  morning  observations 
of  the  same  star,  he  gets  a  solar  parallax  of  8"782,  with  a  probable 
error  of  ±o"'oi2.  If,  on  the  other  hand,  he  takes  in  all  the  ob- 
servations, including  those  in  which  different  stars  were  observed 
morning  and  evening,  and  making  use  of  the  fundamental  places 
which  he  has  obtwned  for  these  stars,  he  finds  for  the  solar  parallax 
8"' 7 83,  with  a  probable  error  of  ±o"'026,  twice  as  great  as  in  the 
former  case.    Mr.  Gill  considers  that  the  only  systematic  error  to 
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which  his  result  is  liable  is  that  which  might  arise  from  the  e£fect 
of  chromatic  dispersion  of  the  atmosphere  on  the  limb  of  Mars — ^an 
effect  to  which  nis  attention  was  called  by  Sir  G.  B.  Airy  on  his 
return  from  Ascension.  To  test  this  effect,  he  had  discussed  the 
observations  at  greater  and  less  zenith-distances  separately,  and 
had  deduced  the  values  8"*786  and  8"*78o  respectively,  theagree- 
ment  being  as  close  as  could  be  desired.  The  individual  results 
from  each  da/s  observations  range  from  8"*62  to  S^'-po ;  and  from 
a  comparison  of  these  with  the  mscordant  results  obtained  by  dif- 
ferent astronomers  from  the  Transit  of  Venus,  Mr.  Gill  concludes 
that  a  single  day's  observation  of  Mars,  evening  and  morning,  will 
give  as  tmstworthy  a  value  of  the  Solar  paralliuc  as  a  large  number 
of  Transit  of  Venus  expeditions.  He,  however,  considers  that 
heliomet'Cr  observations  of  minor  planets  would  afford  a  still  more 
trustworthy  result,  as  not  being  affected  by  chromatic  dispersion  of 
the  atmosphere. 

Captain  Noble.  May  I  ask  whether  the  observations  of  the 
coming  transit  of  Venus  are  to  be  only  on  the  method  of 
Delisle? 

Mr.  Christie,  I  imagine  that  they  will  certainly  be  reduced  by 
that  method. 

Captain  Noble,  Being  at  the  Koyal  Observatory  at  Greenwich 
on  Saturday,  I  saw  a  most  astounding  paragraph,  that  Commander 
Green  of  the  United  States  Navy  had  found  that  the  longitude  of 
Lisbon  was  8"  wrong.  Some  years  ago,  before  the  last  transit  of 
Venus,  I  called  the  Astronomer  Eoyal's  attention  in  this  room  to 
some  observations  of  Prof.  Asaph  Hall  with  reference  to  the  value 
of  Moon  culminations.  He  said  that  the  longitude  of  San  Francisco 
as  determined  bv  201  Moon  culminations  was  4"  in  error ;  and  he 
gave  a  variety  of  other  examples,  whence  he  deduced  the  curious 
result  that  from  no  number  of  Moon  culminations  could  you  pos- 
sibly get  trustworthy  longitudes.  If  we  find  that  the  longitude  of 
such  a  place  as  Lisbon  is  8»  wrong,  and  we  are  going  to  determine 
the  Sun's  parallax  by  a  method  the  result  of  which  has  been  con- 
tradicted by  Mr.  Gill's  results,  it  seems  to  me  that  we  may  just  as 
well  not  send  out  an  expedition  at  all. 

Mr,  Christie,  I  am  not  aware  that  the  longitude  of  Lisbon  had 
been  really  thoroughly  well  determined.  These  determinations  by 
Moon  culminations  depend  upon  delicate  points  in^their  treatment. 
Observers  usually  get  a  great  preponderance  of  observations  of  the 
first  limb  because  it  is  much  more  convenient  to  observe  the  first 
limb  than  to  sit  up  into  the  early  morning  to  observe  the  second 
limb ;  and  if  we  give  equal  weight  to  every  observation,  any  error 
in  the  adopted  diameter  of  the  Moon  will  affect  the  result.  With 
regard  to  the  longitude  of  San  Francisco,  there  may  have  been 
something  of  that  kind ;  but  1  suppose  we  must  admit  that  we  have 
had  an  error  of  3"  or  4"  in  longitude.  But  that  does  not  at  all  contra 
diet  what  I  understand  the  Astronomer  Eoyal  stated  originally,  that 
the  probable  error  of  longitude  would  be  about  a  second.    With  a 
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probable  error  of  a  second  yon  may  in  extreme  cases  get  an  error 
three  or  four  times  that  amount.     Probable  error  does  not  mean 
extreme  error.    I  think  a  second  is  not  a  very  unfair  estimate  of  the 
probable  error  of  a  longitude  determination  by  Moon  culminations. 
With  r«^gard  to  the  result  of  the  last  transit,  I  must  say  that,  having 
looked  into  the  matter  pretty  closely,  the  thing  that  is  forced  on 
one's  mind  is  that  the  error  has  ansen  not  from  any  uncertainty  of 
longitude,  but  from  the  great  uncertainty  in  the  observation  of 
contact,  in  which  we  are  liable  to  an  error  of  lo'  to  20*.     Capt. 
Noble  has  spoken  of  a  discordance  between  this  result  of  Mr. 
Giirs  and  the  official  result  of  the  Transit  of  Venus  in  1874. 
There  is  a  great  doubt  as  to  what  is  the  official  result.     There 
was  one  result  published  by  the  Astronomer  Boyal  in  his  Par- 
liamentary paper  which  gave  8"* 7 6  or  8"* 7 5.    There  was  another 
result  published  afterwards  by  Capt.  Tupman  which  gave  8"*86  or 
8"*85,  differing  by  -j^^  of  a  second.     The  same  longitudes  were 
used  throughout :  it  was  simply  that  a  different  interpretation  was 
put  upon  the  observations ;  and  the  difference  in  these  two  results 
was  due  to  uncertainty  in  the  observation  of  contact.     Perhaps 
if  observers  had  expressed  themselves  more  clearly,  and  if  the 
different  astronomers  who  have  discussed  the  observations  had 
fixed  on  their  interpretation  before  they  knew  any  thing  about  the 
result  of  the  observations,  we  might  have  got  more  consistent  re- 
sults ;  but  the  uncertainty  and  the  discordance  from  Mr.  Gill's 
results  is  not  in  the  least  dependent  upon  the  uncertainty  of  the 
longitude.  K  you  even  allow  4*  in  the  longitude  of  any  place,  that 
will  produce  a  comparatively  small  effect  upon  the  parallax.    The 
estimates  that  were  made  before  the  transit  by  Mr.  Proctor  and 
others  of  the  probable  error  of  observation  of  contact  were  utterly 
fallacious.    The  probable  error  is  three,  or  four,  or  five  times  as 
great.     In  one  case  it  is  really  a  question  of  a  minute ;  and  we 
are  not  quite  certain  whether  we  are  justified  in  altering  it  or 
not.    And  when  we  have  an  uncertainty  of  a  minute  in  the  obser- 
vation of  contact,  an  error  of  three'  or  four  seconds  in  the  longi- 
tude is  comparatively  insignificant*. 

The  PresxdetU.  The  longitude  of  Lisbon  in  the  *  Nautical  Alma- 
nack' was  adopted  in  1872  on  the  authority  of  G^eneral  Foque,  who 
held  a  similar  position  to  that  of  the  Durector  of  the  Chrdnanco 
Survey  in  England.  I  have  no  particulars  as  to  how  it  was  ob- 
tained. About  ten  months  afterwards  I  received  from  the  Lisbon 
Observatory  a  correction  of  their  longitude  amounting  to  a  little 
over  3»  in  the  same  direction  as  Commander  Green's  correction. 
But  it  was  stated  in  a  letter  that  the  telegraphic  connection  of  the 
observatory  at  Lisbon  with  Madrid  would  probably  be  effected. 
It  is  not  desirable  to  make  frequent  alterations  in  the  '  Nautical 
Almanack'  for  a  port  like  Lisbon;  and  I  thought  it  better  to  keep 

*  [For  8  discuseion  of  tiid  possible  effect  on  the  result  for  the  Sun'sparaHaz 
of  erron  in  tho  adc^ted  longitudes,  <;f,  *  Obeerratory/  YoL  L  p.  i72,-)-i£>.] 
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to  the  old  longitade,  which  I  did  until  this  telegraphic  determina- 
tion wa8  made  by  the  American  observers. 

Mr,  Chambers,  Will  you  kindly  state,  Sir,  for  the  informa- 
tion of  the  Society,  what  are  the  terms  or  conditions  which  are 
involved  in  the  issue  of  the  circulars  announcing  comets  and 
other  interesting  discoveries  ?  I  ask  this  because  it  may  have  some 
bearing  upon  the  effort  made  by  Lord  Lindsay  in  that  direction.  I 
am  very  glad  that  the  Council  should  imitate  Lord  Lindsay's  efforts 
and  extend  them  if  they  think  fit ;  but  I  think  it  would  be  inter- 
esting to  know  what  is  to  be  the  policy  of  the  Council  with  regard 
to  those  notices. 

The  President,  It  has  been  suggested  that  a  great  many  of  the 
Fellows  would  not  care  to  receive  those  notices.  The  idea  has 
been  to  send  them  to  those  Fellows  who  are  provided  with  tele- 
scopes competent  to  observe  comets,  and  who  express  a  desire 
to  receive  them.  I  do  not  know  that  there  is  any  exact  limit  as 
to  the  number  that  are  to  be  sent  out ;  but  it  depends  upon  the 
number  of  applications  that  we  receive. 

Mr,  Chambers,  May  I  ask  whether  it  is  a  different  form  of  cir- 
cular from  that  sent  out  by  Lord  Lindsay,  or  whether  the  Fel- 
lows should  make  a  request  both  to  the  Eoyal  Astronomical  Society 
and  to  Lord  Lindsay  also  ? 

The  President.  I  apprehend  that  the  Eoyal  Astronomical  Society 
really  takes  action  by  itself :  it  is  quite  a  new  thing. 

Mr,  Christie,  The  Council  have  taken  it  up  without  wishing  to 
interfere  with  the  plan  which  Lord  Lindsay  has  adopted  of  issuing 
circulars.  Dun  Echt  is  so  far  off  that  there  is  a  loss  of  something 
like  three  days  in  the  post ;  and  comets  are  thus  lost  altogether. 
Unless  you  can  send  out  information  at  once  of  the  discovery  of  a 
new  comet,  it  is  of  very  little  use  sending  it  out  at  all.  The  in- 
formation generally  comes  in  the  first  instance  to  Greenwich,  and 
we  can  save  a  post  and  get  them  printed  at  once,  so  that  they  may 
go  out  on  the  same  day,  and  thus  give  a  better  chance  of  finding 
new  comets. 

Mr,  Chambers,  It  is  hardly  fair  to  Lord  Lindsay  and  hardly 
creditable  to  this  Society  merely  to  supplement  his  Lordship's 
efforts.  I  think  the  Society  ought  to  do  the  thing  sufficiently  well 
to  supersede  the  efforts  of  a  private  Fellow.  I  hope  there  will  be 
a  combined  arrangement  between  the  Society  and  Lord  Lindsay,  so 
that  those  who  are  working  Members  of  the  Society  may  at  first 
hand  receive  the  fullest  information  without  Lord  Lindsay's  liberal 
resources  being  unreasonably  taxed  to  do  what  ought  many  years 
ago  to  have  been  effectually  done  by  the  Society  for  the  benefit  of 
Astronomy. 

The  following  gentlemen  were  balloted  for  and  duly  elected 
Fellows  of  the  Society  : — ^Frederick  Hall,  G.  Kilgaur,  Lieut.  D.  F. 
McCarthy,  E.E.,  F.  H.  S.  Orpen,  Lieut.  Sidney  Smith,  E.N.,  Capt. 
E.  W.  Sterry,  and  Capt.  Peter  Thompson. 

The  Meeting  adjourned  shortly  after  ten  o'clock. 
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Measuree  of  the  Polar  and  Equatoreal  Diameters  of  Mars, 
made  at  Princeton,  New  Jersey y  U.SJ^ 

The  polar  compression  of  Mars  has  never  yet  been  satisfactorily 
determined,  the  results  of  different  observers  ranging  from  that  of 
Sir  W.  Herschel,  who  made  it  ^,  to  that  of  Bessel,  who  found  it 
insensible.  The  value  ^,  deduced  by  Main  at  Oxford,  from  his 
measures  in  1862-3,  has  probably  been  of  late  more  generally 
accepted  than  any  other,  though  by  no  means  without  reserve. 

Hartwig,  in  his  recently  published  investigation  upon  the  dia- 
meters of  Venus  and  Mars,  gives  ^  as  the  result  obtained  by 
combining  all  the  double-image  measurements  made  at  Kdnigs- 
berg,  Leiden,  Oxford,  Berlin,  Paris,  and  Strassburg. 

Either  of  these  values,  however,  is  apparently  irreconcilable  with 
the  planet's  known  mass  and  period  of  rotation,  if  we  admit  the 
presence  of  water  upon  its  surface,  as  the  polar  "  snow  caps  "  seem 
to  indicate,  except  upon  the  almost  absurd  assumption  of  a  density 
rapidly  increasing  from  the  centre  toward  the  sunace. 

It  has  seemed  to  the  writer  quite  possible  that  the  difference  of 
illumination  of  the  limbs  of  the  planet,  caused  by  phase,  may  lie 
at  the  bottom  of  the  difEctdty.  Except  on  rare  occasions,  there  is 
phase  enough,  even  at  the  moment  of  oppposition,  to  produce  a 
notable  difference  of  appearance  between  the  fully  illuminated  edge 
of  the  planet's  disc  and  that  opposite,  a  difference  which  can  hardly 
fail  to  be  felt  in  micrometnc  measurements.  Unexceptionable 
observations  for  determining  the  polar  compression  can  therefore 
be  made  only  when  the  planet  reaches  opposition  and  its  node 
together.  This  was  so  nearly  the  case  last  season,  that  on  the 
night  of  November  12,  an  observer  on  the  planet  would  have 
witnessed  a  Transit  of  the  Earth.  At  this  time,  and  for  a  few  days 
before  and  after,  the  phase  was  extremely  small,  and  an  oppor- 
tunity was  presented  for  determining  the  planef  s  ellipticity  such 
as  will  not  be  available  again  for  nearly  half  a  century. 

The  measures  were  made  by  myself  with  a  filar  position-micro- 
meter attached  to  the  nine  and  one-half  inch  Equatoreal  of  the 
School  of  Science  Observatory.  The  object-glass  of  this  instru- 
ment (by  Clark)  is  constructed  substantially  upon  the  Gaussian 
curves,  and  is  of  the  highest  excellence.  During  the  past  year  it 
has  shown  repeatedly  both  of  the  satellites  of  M^^,  the  two  outer 
satellites  of  Uranus,  and  the  Satumian  satellite  Mimas,  the  last, 
for  my  eye,  which  is  not  extremely  sensitive,  being  just  at  the 
limit  of  visibility.  The  telescope  doubles  distinctly,  and  on  fine 
niehts  easily,  the  little  companion  of  a^  Capricomi,  nor  has  it  yet 
faded  upon  any  of  the  objects  usually  considered  tests  for  twelve- 
inch  instruments. 

While  perfectly  aware  that  measures  by  a  filar  micrometer  are 

*  The  sabstanoe  of  a  paper  in  the '  American  Journal  of  JSoienoe,'  1880  March. 
OommuDicated  by  the  Author. 
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subject  to  a  considerable  constant  error,  the  measure  of  an  illuminar 
ted  dkc  being  always  excessiye,  I  have  thought  they  might  safely  be 
used  in  determining  a  difference  of  diameter  in  different  directions. 
The  wires  were  dark  upon  an  illuminated  field.  The  magnifying- 
power  throughout  the  observations  was  398.  The  value  of  one 
revolution  of  the  micrometer-screw  at  5o*^F.,  as  determined  by 
about  a  hundred  star  transits^  is  i7"*86oio"*oo3.  The  screw 
appears  to  be  a  very  perfect  one  without  sensible  errors  of  perio- 
dicity or  run. 

Marth's  ephemeris,  in  the  *  Monthly  Notices '  for  June  1879, 
Was  used  in  setting  the  position-circle,  and  in  computing  the 
minute  phase-corrections.  Each  measure  of  a  double  diameter 
consistea  of  twenty  settings  of  the  micrometer  wire,  five  with  the 
movable  wire  on  one  side  of  the  fixed  wire,  ten  with  it  upon  the 
other  side,  and  finally  five  more  in  the  first  position.  The  correc- 
tion for  thickness  of  the  wires  was  determined  by  a  full  set  of 
readings  at  each  of  the  three  different  fixed  wires,  one  at  least  in 
each  evening's  work. 

After  each  measurement  of  either  diameter,  the  wires  were 
turned  90°  by  the  position-circle,  and  the  other  diameter  was 
measured.  In  some  cases,  however,  after  finishing  a  set  of  four 
measures  (two  of  each  diameter)  at  one  of  the  'nxed  wires,  the 
movable  wire  was  transferred  to  another  of  the  fixed  wires,  and  the 
same  diameter  was  then  measured  again  as  the  first  of  a  new  set. 
The  measures  thus  come  in  pairs,  each  measure  of  the  polar  dia- 
meter being  matched  with  an  equatoreal  immediately  preceding  or 
following.  The  total  number  of  micrometer-readings,  exclusive  of 
those  for  determining  the  thickness  of  wires,  was  1140, 

Had  not  cloudy  weather  prevented,  the  series  would  have  been 
much  more  extensive.  The  nights  of  November  nth  and  13th 
were  entirely  overcast;  on  November  12th  only  a  single  pair  of 
Measures  of  small  weight  could  be  obtained,  and  on  the  14th  only 
two  pairs  and  an  odd  one.  On  all  the  other  nights  there  were 
also  occasional  periods  of  atmospheric  disturbance  or  entire  inter, 
miptions.  It  is  especially  to  be  regretted  that  more  measures  were 
not  obtained  at  considerable  western  hour-angles,  as  they  would 
have  gone  far  to  eliminate  the  effects  of  atmospheric  dispersion 
and  astigmatism  of  the  observer's  eye.  The  observations  have  been 
very  carefully  reduced  under  my  direction,  by  my  assistant,  Mr.  M. 
McNeil,  who  deserves  and  has  my  warmest  thanks  for  his  interest 
and  help  in  the  matter. 

If  we  apply  the  corrections  for  refraction,  phase,  and  reduction 
to  opposition,  and  group  the  results  according  to  the  angle  made 
by  tne  observed  diameter  with  the  vertical,  it  at  once  becomes 
evident  that  a  further  correction  is  needed,  horizontal  lines  being 
systematically  measured  smaller  than,  the  same  when  vertical. 
ThuB,  if  we  take  the  twenty  measures  of  the  ^uatorial  diameter 
made  when  its  inclination  to  the  vertical  was  more  than  45^,  we 
get  for  the  mean  (by  weights)  2o"'687  ±o"'028  at  a  mean  m^  of 
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72°- 4.  The  nine  nearly  vertical  measures  give  2o"'78o+o"'044  at 
a  mean  angle  of  19*^*3.  Similarly  the  ten  nearly  horizontal 
measures  of  the  Polar  (Sameter  give  2o"*6o8+o"'03i  at  a  mean 
angle  of  7 3°' 8,  while  the  nineteen  nearly  vertical  measures  give 
2o"'7o6+o'''026,  at  a  mean  angle  of  i6°'g.  No  sensible  difference 
appears  Between  results  obtained  when  the  measured  diameter  in- 
elines  to  the  right,  and  those  obtained  when  the  inclination  is 
toward  the  left. 

It  is  not  certain  what  causes  produce  this  difference  between 
horizontal  and  vertical  measures ;  but  it  is  probably  due  in  part  to 
atmospheric  dispersion,  and  partly  to  a  known  vertical  astigmatism 
of  the  observer's  eye.  In  either  case  the  effect  would  be  propor- 
tional to  the  cosine  of  the  inclination,  and  we  may  therefore 
assume  with  sufficient  approximation  that  the  correction  required 
to  an  observation  is  I=saX  cos/3;  /J  being  the  angle  with  the 
vertical,  and  a  a  constant  to  be  determined  from  the  observations 
themselves. 

Approximate  values  of  a  can  be  obtained  from  the  data  given 
above ;  thus,  from  the  two  groups  of  equatorial  measures  (regarding 
each  group  as  a  single  measure)  we  get  a=o"'i49.  The  two  polar 
groups  give  a=o"*i46 ;  a  coincidence  which  strongly  attests  the 
reality  of  the  correction. 

It  is  not,  however,  strictly  correct  to  treat  these  groups  as  single 
observations.  The  more  legitimate  course  is  to  re^rd  each  obser- 
vation (corrected  for  refra^on  and  phase  and  reduced  to  opposi- 
tion) as  furnishing  an  equation  of  condition  of  the  form 

measured  diameter =true  diameter + a  coafi. 

This  has  been  done,  and  from  the  equations  of  condition,  using 
the  weights  given,  normals  have  been  formed,  in  several  different 
ways. 

Thus  we  may  take  as  the  unknown  quantities  t,  e  (the  polar  and 
equatorial  diameters)  and  a.  Or  calling  cse  — 7,  we  may  take  as 
the  unknowns     ,  v  and  c,  or  a,  e,  and  e.    Or  finally,  putting 

m^^^^,  we  may  form  our  normals  with  w,  c,  and  a.    Whichever 
2 

of  the  four  sets  of  normals  we  use,  we  get  for  the  unknown  quan- 
tities involved  the  following  values,  weights,  and  probable  errors, 
viz. 

€  (equatoreal  diam.,  Nov.  12,  i879)=s2o"'634  +o"*o34  j  wt.  8*92 
T  (polar  diam.,  „      „       „    )=20  -552  +0  -043 ;  wt.  5-85 

m=^i^  =20  -593  ±0  '035;  wt.  8-85 

2 

c=(€— ir)  .     ^  ^  '0818+0 -0348;  wt.87S 

a  coefficient  of  inclination  correction^  o  '168  ±0  '050;  wt.  4'i7 

The  introduction  of  the  correction  I  reduces  the  sum  of  squares 
of  residuals  multiplied  by  weights  from  1*3994  to  i'26i2. 
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The  values  of  the  diameters  are  of  course  not  very  reliable,  being 
subject  to  the  considerable  constant  error  which  always  afbcts  filar 
micrometer  measures.  If  we  accept  Hartwifi;'s  determination, 
9"'352*,  for  the  diamefcer  at  distance  unity,  a  value  which  depends 
upon  the  whole  body  of  heliometer  and  double-image  micrometer 
measures  up  to  1877,  we  get  for  the  opposition  diameter  of  1879, 
1 9"*  1 2  8.  Comparing  this  with  my  mean,  we  find  i"*46  as  the 
constant  error  of  my  filar  micrometer  measures,  a  value  rather 
unexpectedly  large,  but  not  unprecedented. 

This  constant  error  can,  however,  have  but  very  slight,  if  any, 
influence  upon  the  measured  difference  of  diameters,  and  we  find 
for  the  ellipticity  of  the  visible  periphery  of  the  planet  the  value 
o''-o8i8_  I 
19-128     234* 

As  the  pole  was  not  on  the  periphery,  but,  according  to  Marth's 
ephemeris,  at  a  distance  of  14^*5  from  it,  a  slight  correction  is  still 
needed  to  deduce  the  true  polar  compression.  The  diameter 
measured  as  polar  was  that  joining  two  antipodal  points  in  areo- 
graphic  latitude  75^*5.  Eeculing  the  formula  for  the  radius  of  a 
spheroid  at  any  latitude,  viz. 


'=*\/ 


1—2  6'*  sin*^-h€*sin*^ 


I— e'si^ 


and  putting  f  =:^,  we  easily  find  e,  the  eccentricity  of  a  planetary 

meridian,  and  from  it  C^,  the  polar  compression.  Performing  the 
solution  we  get  0^=:  jf^,  which  may  be  taken  as  the  final  result  of 
the  work  here  detailed. 

The  limits  of  probable  error  extend  from  y^  to  ^ij,  and,  so  &r 
as  can  be  judged  from  the  observations  themselves,  the  chances  are 
more  than  two  to  olie  that  the  ellipticity  lies  between  y^  and  75-}^. 

The  work  of  reduction  was  nearly  finished  before  the  writer  had 
seen  Professor  Adams's  recent  paper  upon  the  orbits  of  the  satel- 
lites of  Mars,  in  which  he  gives  -^^  as  the  ellipticity  which  the 
planet  ought  to  have  if  it  follows  tne  same  law  of  central  density 
as  the  Earth.  The  closeness  of  the  accordance  is  probably  in  con- 
siderable degree  accidental,  but  it  is  quite  satisfactory. 

C.  A^  Young. 

PrinoetoD,  New  Jeney,  Jan.  1880. 


Boss's  Declinations  of  Fixed  Stars. 

Praotioal  astronomers  have  for  some  time  been  looking  forward 
with  interest  to  the  appearance  of  Mr.  Boss's  work,  rumours  of  the 

*  The  mean  diameter  20^*593  resulting  from  my  observations,  when  reduced 
to  distance  unity,  nves  io"*o68 ;  a  Talue  sensibly  identical  with  that  obtained 
by  Peiroe  £rom  a  discussion  of  the  Washington  Mural-circle  observations,  and 
nsed  in  the  American  Ephemeris. 
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progreBS  and  approach  to  completion  of  which  have  from  time  to 
time  reached  this  country.  The  interest  lias  been  intensified  from 
the  circumstance  that  the  declinations  of  the  stars  given  in  the 
American  '  Nautical  Almanac '  for  1881  and  following  years  are 
taken  from  Mr.  Boss's  paper,  testifying  thereby  to  the  great  reputa- 
tion which  the  work  has  already  obtained  in  the  United  States^ 
Various  delays  appear  to  have  occurred  in  the  publication  of  the 
book,  so  that  it  was  not  until  early  in  March  of  the  present  yeur 
that  the  first  copies  reached  England.  As  is  perhaps  natural  under 
these  circumstances,  the  first  feeling  experienced  on  looking  over 
the  paper  is  one  of  disappointment ;  there  is  a  want  of  uniformity 
of  procedure  and  of  methods  of  treatment  which  gives  rise  to  the 
suspicion  that  preconceived  theories  as  to  the  relative  accuracy  of 
catalogues  are  allowed  to  overweigh  the  restdts  of  actual  examina- 
tion of  l^e  catalogues  themselves.  This  more  or  less  patch-work 
character  is  to  a  great  extent  explained  by  the  history  of  the  work 
given  in  the  introduction,  from  which  it  appears  that  the  star-places 
were  originally  intended  merely  for  the  determination  of  latitudes 
required  for  the  use  of  the  United  States  Northern  Boundary  Com- 
mission, and  that  the  plan  was  gradually  enlarged  as  an  after- 
tiiought  by  Mr.  Boss  until  at  last  the  work  reached  its  present  di- 
mensions. On  looking  closer  into  the  paper,  however,  one  is  struck 
with  the  vast  amount  of  industry  and  of  research  exhibited  almost 
in  every  page,  and  the  conclusion  is  very  soon  arrived  at,  that  it  is 
by  far  the  most  complete  and  exhaustive  work  of  the  kind  yet  pub- 
lished. The  work  contains  systematic  corrections  to  the  declina- 
tions of  almost  every  existing  catalogue,  as  well  as  a  catalogue  of  the 
declinations  of  500  stars  for  1875*0,  deduced  from  a  thorough  discus- 
sion of  the  star-places  given  in  these  catalogues.  The  former  is  of 
coarse  by  far  the  most  interesting,  and  perhaps  the  most  important, 
part  of  the  work ;  but  in  addition  to  these  thera  are  some  very  in- 
teresting discussions  to  be  met  with  in  the  earlier  part  of  the  paper, 
which  is  devoted  to  the  examination  and  comparison  of  the  various 
catalogues. 

The  plan  of  proceeding  adopted  by  Mr.  Boss  is  briefly  as  follows : — 
He  first  forms  a  list  of  stars  which  have  been  most  frequently  ob- 
served, to  serve  as  a  basis  for  the  normal  system  and  as  a  medium 
of  comparison  between  the  various  catalogues.  Then  comes  the 
formation  of  approximate  positions  and  proper  motions  for  1875-0, 
and  the  computation  of  precessions  which  are  necessary  for  the  re- 
duction of  the  individual  declinations  to  the  required  epochs,  in 
order  that  the  assumed  declinations  may  be  corrected  by  comparison 
with  the  observed  values.  The  declinations  of  the  vanous  cata- 
logues used  are  first  of  all  modified  by  the  application  of  certain 
corrections  deemed  advisable  from  an  inspection  of  the  constants 
and  methods  of  reduction.  The  approximate  normal  system  is 
then  formed  from  those  series  of  observations  which  are  supposed 
to  give  determinations  of  sufficient  independence  and  weight.  By 
the  aid  of  the  approximate  corrections  to  the  selected  list  of  autho- 
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rlties,  Mr.  Boss  proceeds,  by  successive  steps,  to  ascertain  correo- 
tioBB  to  the  assumed  declination  and  proper  motion  of  each  star, 
and  then  to  compute  definitive  corrections  and  weights  for  the 
numerous  catalogues,  with  which  final  weights  and  correctkma 
the  definitive  declinations  are  computed  as  they  appear  in  the 
catalogue. 

This  series  of  declinations  is  unique  in  one  respect,  it  does  not 
depend  to  any  considerable  extent  on  Bradley's  observations  as 
given  in  the  *  Fundamenta,' — ^Mr.  Boss  contending  that  a  reliable 
system  of  corrections  to  the  various  catalosfues  may  be  founded  on 
a  discussion  of  recent  catalogues  alone,  oeginning  with  Besael, 
1821. 

Mr.  Boss's  nomenclature  for  abbreviation'of  the  titles  of  starnsata- 
logues  is  peculiar.  He  uses  the  first  and  last  letters  of  ihe  name 
of  the  place  where  the  observations  were  made,  followed  by  the 
mean  year  of  observation;  thus  "Gh.  57**  means  the  Greenwich 
6even-year  Gatalogae  for  i860.  This  notation  is  no  doubt  conve- 
nient to  a  certain  extent,  but  I  confess  that  I  was  unable  at  first 
to  recognize  Groombrid^'s  catalogue  in  **  Bh.  10.'* 

It  is  of  course  impossible  on  the  present  occasion  to  adv^*t  to  all 
the  points  of  interest  raised  in  the  examination  of  the  various  cata- 
logues ;  it  must  suffice  to  refer  briefly  to  one  or  two  of  them.  And 
first  with  regard  to  the  Greenwich  catalogues,  1836-1872  (Mr. 
Boss  having  formed  a  catalogue  for  1870  from  the  observations 
1868-72). 

It  is  pointed  out  that  the  observations  are  made  wif^  non-rever- 
sible instruments,  and  that  the  problem  of  absolute  dedinaticm  is 
rendered  subordinate  to  the  requirements  of  routine  work  on  a 
large  number  of  objects.  The  position  of  the  telescope  on  each  of 
the  mural  circles  formerly  in  use  was  chanced  at  the  beginning  of 
each  year,  the  relation  of  the  telescope  and  cirde  of  the  ^unsit- 
circle  is  invariable.  Mr.  Boss  considers  that  "  Gh.  57  "  contains 
the  work  of  the  transit-circle  in  its  best  state,  before  any  appre- 
ciable wear  had  resulted  from  long  use,  that  the  instrument  gra- 
dually underwent  slow  changes  from  wear,  which  are  quite  suffi- 
cient to  account  for  a  real  £fference  in  the  systematic  corrections 
required  for  this  catalogue  and  for  that  for  the  ^och  1864.  Hie 
author  became  aware  of  l^e  large  error  due  to  wear  of  the  micro- 
meter-screws during  the  period  1868-72,  too  late  to  make  any  use 
of  a  special  correction  on  that  account.  Acting  on  a  suggesticm  of 
Prof.  Newcomb's,  an  attempt  has  been  made  to  reconcile  the  entire 
series  of  observations  with  the  transit-circle  on  the  supposition  of 
a  uniform  coefficient  of  flexure  depending  on  sin  Z.  Erom  a  dis- 
cussion of  the  different  catalogues,  Mr.  Boss  finds  that  if  a  uniform 
value  of  sine  flexure  +o"'2i  had  been  employed  throughout  the 
series,  we  should  have  had  sufficiently  good  agreement  between  direct 
and  reflexion  observations,  and  considers  that  this  result  throws 
discredit'  on  the  value  of  flexure  derived  from  opposing  collimators, 
ami  makes  it  probable  that  the  change  in  eoUimator-flexnre  between 
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1865  and  1866  (the  time  when  the  cube  of  the  telescope  was 
pierced)  was  much  smaller  than  has  been  supposed.  A  correction 
darived  from  the  empirical  formula  a  (sin'Z+sin'Z'),  where  Z'  is 
the  zenith-distance  of  the  pole,  has  been  applied  bj  Mr.  Boss  to 
*^  Qh.  70,"  and  the  remark  is  appended  that  it  is  probable  that  a 
great  part  of  the  correction  is  due  to  error  in  the  adopted  constant 
of  rentiction.  It  appears  to  me  that  it  would  be  necessary  to 
correct  the  observations  1868-1872  for  error  in  the  adopted  re&ac- 
tions  (if  such  exists)  before  any  corrections  depending  on  flexure  op 
B— D  discordance  can  legitimately  be  applied  bj  means  of  such  a 
formula  as  that  given  above. 

Mr.  Boss  has  devoted  much  space  to  an  exhaustive  discussion  of 
the  observations  made  with  the  Washington  transit-circle,  I  can 
only  here  refer  to  his  results  with  regard  to  the  adopted  refractions. 
Prom  a  discussion  of  the  results  of  observations  of  drcumpolar 
stars  1 866- 1 869  it  is  found  that 

{Bessei's  refractions}  x '99986=  Washington; 
and  from  a  comparison  with  the  polar  diitances  of  the  Melbourne 
Catalogue  for  1870  (the  latter  bemg  reduced  to  those  which  would 
have  resulted  from  the  use  of  refractions  derived  from  drcumpolar 
stars  alone)  there  results 

^Bessel's  refractions}  x  •99532=  Washington 
and  {Bessel's  refractions}  x '99267  =  Melbourne. 

In  '  Monthly  Notices '  for  1879,  June,  will  be  found  a  comparison 
between  the  polar  distances  of  the  Washington  Catalogue  for  i860 
and  those  of  the  Cape  Catalogue  for  the  same  epoch,  from  which 
it  appears  that  the  Washington  observations  would  be  fairly  repre- 
sented by  the  use  of 

{Bessel's  refractions}  x '99672, 

It  will  be  remarked  that  these  investigations  all  indicate  the 
necessity  of  a  diminution  of  the  refraotionsca  the '  TabideB  Begiomon- 
tansB ;'  it  is,  however,  doubtful  whether  the  assumption  that  the  re- 
fractions  at  any  place  can  be  represented  by  BessePs  multiplied  by 
a  constant  is  a  sound  one,  as  its  adoption  has  generally  lea  to  un- 
sati6&ct(»7  results,  and  astronomers  are  gradually  coming  to  the 
conclusion  thata  thorough  revisionof  Bessel's  theory,  or  at  e^  events 
a  redetermination  of  the  various  constants  employed  in  the  forma« 
tion  of  the  refraction  tables,  is  necessary.  I  have  often  wondered 
why  the  Washington  astronomers  were  wilh'ng  to  take  their  refrao- 
tions  from  an  '^  alien  authority,"  and  I  venture  to  think  tiiat  the 
example  of  Puikowa  is  one  whidi  they  might  advantageously  follow 
in  this  matter. 

In  his  flrst  approximation  to  a  normal  system  Mr,  Boss  has  given 
the  greatest  weight  (10)  to  **Pa.  45'*  (Puikowa)  and  the  next 
largest  (8)  to  "  J^.  67  '*  (Leiden).  On  turning  to  the  preliminary 
coirections  to  the  fundamental  catalogues  I  was  surprised  to  find 
that  the  ccnrections  to  these  two  catalogues  are  larger  than  those 
to  "  Gh,  45,'*  which  is  credited  with  weight  2,  and  to  "  6h.  64,'* 
which  ba0  the  «ame  weighty  respectively ;  and  the  same  thing  ap- 
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pears  in  the  final  table  of  systematic  corrections.  I  am  unable  to 
account  for  this  apparent  inconsistency,  but  have  no  doubt  that^ 
there  is  some  good  reason  for  it ;  at  all  events  it  is  not  likely  to 
afEect  the  defimtive  declinations  injuriously. 

I  am  glad  to  find  that  Mr.  Boss  makes  frequent  use  of  hand- 
drawn  curves  in  his  determinations  of  systematic  errors ;  it  is,  I  am 
convinced^  a  far  more  satisfactory  method  than  the  assumption  of 
a  formula,  unless  under  very  exceptional  circumstances.  Tins  latter 
process  is,  however,  too  often  resorted  to  throughout  the  work,  the 
author's  practice  being  to  adopt  a  general  expression,  such  as  a  (sin  Z 
+sin  Z'),  or  a  (tan  Z+tan  Z'),  whenever  it  was  found  to  repre- 
sent, approximately,  the  residuals.  This  appears  to  me  to  be  a 
fault  in  the  work,  which  is  generally  entitled  to  the  highest  praise, 
though  of  course,  where  so  much  depends  on  the  individual  judg- 
ment, difierenoes  of  opinion  would  constantly  arise  on  matters  of 
detail. 

It  must  be  explained  that  Mr.  Boss's  Catalogue  extends  down 
to  the  south  pole,  all  the  available  southern  catalogues  being  used 
jfor  the  places  of  stars  situated  between  —30®  and  —90°  Dec 
These  of  course  cannot  be  compared  in  accuracy  with  the  places  of 
the  northern  stars,  as  with  our  present  means  of  information  very 
little  can  be  known  of  the  systematic  corrections  required ;  but  they 
will  serve  as  a  basis  for  future  discussions  when  more  southern  obser- 
vations are  available. 

With  regard  to  the  accuracy  claimed  for  the  declinations  of  the 
northern  stars,  it  is  sufficient  to  say  that  for  1875  ^^^  probable 
■error  of  position  of  stars  near  the  equator  is  estimated  to  be  +"'15, 
and  less  than  this  for  any  giveh  point  between  the  equator  and  the 
north  pole.  But,  using  the  equatoreal  systematic  corrections  of 
the  32  catalogues  upon  which  the  system  is  based,  it  appears  that 
it  best  corresponds  to  the  epoch  i847'S,  ^^  probable  error  is  then 
.±"•05;  the  author,  however,  modestly  adds  that  these  probable 
errors  may  be  somewhat  too  small,  since  more  than  half  the  deter- 
minations are  reduced  with  the  same  refractions. 

We  naturally  turn  for  comparison  of  the  places  of  the  500  stars 
to  the  latest  publication  of  a  sunilar  character,  viz.  Auwers* '  Funda- 
mental-Catalog fiir  die  Zonen-Beobaditungen;'the  resultis  very  satis- 
factory and  testifies  to  the  accuracy  with  which  declinations  of 
northern  stars  may  now  be  found.  Column  L  of  the  following  Table 
is  derived  from  a  comparison  of  the  Pulkowa  ffaupstenu  common 
to  the  catalogues.  Column  IE.  gives  the  comparison  with  Auwers* 
Mean  System  (A.N.  1536). 

LinutB  of  Deo.  Auwers — Boss. 

L  n. 

+90''  to  +80°  +0-07  -o-i6 

80  70  -f-o*i2  —  o'35 

70  60  4-0-05  -o'3S 

60  50  +0-07  —0-25 
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LimitoofDeo. 

Aawen- 

-B088. 

L 

n. 

+  So^ 

to 

+40^ 

1/ 
-0-03 

—  O'OI 

40 

30 

—0*04 

+0-I7 

30 

20 

—  O'OI 

+  0'IO 

20 

10 

—  0*20 

+0*09 

+  10 

+  0 

-0-is 

+  0-02 

—  0 

—  10 

-0*33 

O'OO 

—  10 

—  20 

+o*o6 

—  20 

-30 

+o-i6 

In  conclusion,  I  would  say  that  Mr.  Boss  is  to  be  congratulated 
on  the  successful  termination  of  his  labours,  which  have  resulted 
in  the  production  of  a  work  the  most  complete  of  its  kind  yet  pub- 
lished, a  work  which  is  mainly  the  result  of  the  application  of  the 
industry  and  energy  which  is  bo  characteristic  of  hiis  nation. 

A.  M.  "W.  DowiONG. 


Double  Stars  for  July. 
The  principal  pairs  yisible  in  this  month  will  be  found  in  the 
•  Observatory,'  Vol.  iii.  p.  86,  &c. 

2  1746.        E.A.  13'*  22"*2,  Dec.  +10°  5'.    Mag.  77,  io'3. 
i868-o6        249*'-9        27"-98  De. 

Angle  unchanged;  distance  has  decreased  about  2''  since  1829. 

2  1768.        ^Jl.  13*  32"-i,  Dec.  +36°  54'.    Mag.  57,  7-6.  . 

This  is  25  Ganum  Yen.  Binary.  Distance  less  than  o"*5.  Pe- 
riod about  124  years. 

S  1771.        E.A.  13''  33~-s,  Dec.  +70°  24'.    Mag.  7-8,  8-5. 

1867-19  73°-4  i"76  De. 

1878*29  75  '8  I  '97  Bu. 

In  1829  S  found  the  angle  69^9,  distance  i"*8i.  Probably  bi- 
nary. 

OS  270.        E.A.  13**  4i"-6,  Dec.  +18°  3'.    Mag.  4-8,  117. 
1878-3  3Si°-9  8"7i  Bu. 

A  physical  pair.  The  proper  motion  of  the  principal  star  is 
— o"*49  in  B.A.  and  —  o"'o5  in  P.D.  according  to  Flammarion. 
The  star  is  r  Bootis.  Since  1849  the  angle  has  increased  4°  and 
the  distance  diminished  i"*5. 

02  273.        E.A.  13^*  5o"-3,  I>ec.  +5°  So\    Mag.  7-5,  8. 
1868-59         iio®-6  o''-94  De. 

The  angle  has  increased  about  8^  and  the  distance  about  o"'2 
since  1843.    Binary. 
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02  276.        EJL.  14**  3»-i,  Dec.  +37°  19'.    Mag.  7-5,  8-3, 10. 

AB        i869'37         i94°'3      elongated.       De. 
AC        1869-37  74  '2  9"-S7  De. 

AB  probably  binary.    In  1843  OS  has  i93°'6,  o"'48. 

S  3124.        B.A.  M**  ii»-9,  Dec.  +51^  55'.    Mag.  4h  4h  S- 
AB        1836  elongated  in  150^  X 

AC  33' ±        38"  ± 

This  is  I  Bootis.    AB  have  never  been  separated  (see  '  Observa- 
tory,' Vol.  iii.  p.  381).    A  physical  system. 

1846.        E.A.  14**  22"'o,  Dec.  -1°  41'.    Mag.  5*2,  97. 

This  is  ^  Virginis.    Probably  a  physical  pair.    Webb  could  not 
see  the  companion  in  1854* 

187873        io8°'S  4"'is  Cincinnati  Obs. 

OS  297.        E.A.  IS*'  29»-8,  Dec.  +25°  25'.    Mag.  7-5,  11-5. 
i867'o  147^7         io"-23  De. 

Angle  unchanged;  distance  decreased  about  3"  since  1845. 

The  following  pairs  discovered  by  Mr.  Bumham  (0)  will  probably 
require  fine  sky,  considerable  aperture,  and  some  patience : — 

(i  31.        E^.  14**  46'"*9.  Dec.  +19°  13'.    Mag.  8,  10-2,  12-13. 
AB  187^8  i"-29        1878-24        fi. 

AC  161  '4  9  -04  '24        /J. 

/3  239,        E.A.  i4>»  si"'5,  Dec.  —27''  10'.    Mag.  6,  6. 
i29°-S  o"-93         1878-36        /3. 

/3  348.        B.A.  i4>^  5S"»*8,  Dec.  +0°  20'.    Mag.  6,  7-5. 
121%  o"-si        1878-36        /3. 

"  Very  difficult.'*    The  angle  has  probably  increased  since  1875. 

ft  120.        E.A.  t6^  s»-o,  Dec.  - 19®  9'.    Mag.  4-2,  6-7. 
AB  3°-7  i"-o4        1878-3  /3. 

In  1873  the  distance  was  estimated  o"*4  by  ft.    The  wide  pair 
AB  and  C  is  Hi  V.  106. 

ABandC      336^*9        4o"-78        1874-5  De. 

CD  48-4  I  -89  '5  De. 

A  very  fine  system. 


Mr.  ^ward  Croseley'B  Obserratory, 
Benuerside«  Halifax* 


Joseph  GLEDHiLt. 
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Meteor  Notes  for  July  *. 
The  strong  twiliglit  which  prevails  during  the  brief  nights  of  this 
month  offers  an  impediment  to  successful  observation,  but  the 
epoch  is  one  of  note  and  requires  further  investigation.  During 
the  last  few  nights  of  July  two  rich  streams  may  be  observed 
(with  radiants  near  h  Aquarii  and  v  Fersei),  and  the  horary 
number  of  meteors  considerably  exceeds  that  of  ordinary  nights  of 
the  year.  Fireballs  are  very  numerous,  especially  on  the  28th; 
they  appear  to  be  chiefly  directed  from  showers  in  Aquarius.  The 
nth,  20th,  and  21st  are  also  dates  on  which  a  large  proportion  of 
bright  meteors  have  been  recorded,  and  they  should  be  looked  for 
ea(m  year  with  a  view  to  ascertain  the  radiant-points.  It  is  im- 
possible to  specify  the  almost  numberless  showers  which  mark  this 
season  of  the  year ;  we  have,  however,  in  former  papers  pointed 
out  a  few  of  the  more  important. 

Eecent  Observations. — Mr.  V.  Cornish  writes  that  on  March  29, 
7**  50",  a  large  meteor  was  seen  at  Debenham.  The  sky  was 
rather  cloudy,  but  the  meteor  looked  fully  as  bright  as  Venus  at 
maximum.  The  beginning  of  its  path  was  in  the  W.  by  S.,  at  an 
altitude  of  35°,  whence  it  descended  to  an  altitude  of  15°  iu 
due  S.  It  travelled  veiy  swiftly,  leaving  a  track  along  the  whole 
length  of  its  path,  and  disappeared  suddenly  without  any  explosion 
or  emission  of  sparks.  Another  fine  meteor  =  Sirius  was  seen  at 
the  same  place  on  April  4,  9^  30™,  with  a  path  from  1 14^°+  8°  to 
119°  +  2° ;  it  left  a  short  train.  Mr.  Cornish  adds  that  "  meteors 
seemed  pretty  frequent  that  evening,"  thus  fully  confirming  other 
observations  mentioned  in  the  *  Observatory,'  No.  37,  p.  414. 

A  large  meteor  was  seen,  at  11**  10"  on  May  27,  by  the  writer 
at  Bristol.  The  observed  portion  of  its  path  was  from  327°  +30° 
to  357°  +34°,  which  it  traversed  very  slowly.  The  same  meteor 
is  referred  to  by  several  correspondents  of  the '  English  Mechanic' 
It  was  seen  from  a  place  between  Leeds  and  Tork,  where  it  was 
estimated  as  "  considerably  brighter  than  Venus.  It  was  almost 
due  east,  and,  roughly  speaking,  commenced  its  visible  path  about 
30°  above  the  horizon,  disappearing  20°  to  25^  above,  it  having  de- 
clined about  5°  or  10°  in  its  course,"  Another  writer,  who  omits 
to  give  his  station,  describes  the  meteor  as  moving  nearly  parallel 
with  the  horizon,  and  remaining  in  sight  net  less  than  4  or  5 
seconds : — '^  Its  clear  brightness,  large  size,  and  slow  motion  made 
it  a  singularly  beautiful  object."  The  radiant  of  the  meteor  was 
evidently  low  in  the  southern  sky  and  probably  near  (  Ophiuchi 
(or  at  247°  —10°),  for  another  bright  shooting-star,  >ist  mag., 
was  recorded  at  Bristol  on  June  8,  at  11**  20",  travelling  from 
228°  + 10°  to  223°  +15°,  and  conforming  exactly  with  the  position 
alluded  to.  These  meteors  may  have  had  their  origin  in  the  same 
stream  as  that  of  the  large  fireball  of  June  7,  1878,  which,  how* 
ever,  diverged  from  a  point  further  S.  near  Antares. 

"W.  E.  Dbnkikg. 

*  See  '  Observatory/  Vol.  i.  p*  94,  YoL  il.  p.  103,  and  YoL  iiL  pp.  88,  89, 
for  farther  notes  on  July  ehowers. 
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CORRESPONDENCE. 

To  the  Editor  of  *  The  Observatory' 

White  Spots  on  Venus. 

Sib,— 

I  read  with  much  pleasure,  in  the  *  Obaervatory/  No.  37, 
page  416,  that 'Mr.  Trouvetot  has  made  important  observations  on 
Venus,  and  that  he  contemplates  publishing  soon  a  memoir  on  that 
planet.  The  work  on  which  I  am  myself  engaged  is  too  extensive 
to  be  finished  so  soon  and  will  probably  not  be  published  before 
that  of  Mr.  Trouvelot.  I  shall  be,  therefore,  very  happy  to  see  the 
publication  of  the  Cambridge  astronomer  completed  with  the  least 
possible  delay,  so  as  to  be  able  to  study  also  the  results  obtained  by 
this  skilful  and  persevering  observer. 

The  short  and  interesting  letter  which  he  has  communicated  to 
the  'Observatory'  induces  me  to  insist  already  on  the  interest 
which  is  offered  by  these  white  spots  observed  near  the  horns  and 
recalling  the  polar  spots  of  Mars.  Qruithuisen,  in  1813,  made  a 
great  stir,  and  with  reason,  about  the  discovery  of  these  same  spots, 
and  the  study  of  them  is  worthy  of  the  greatest  attention. 

1  am  iSir,  yours  MthfuUy, 

Loavain,  Belgium,  F.  TsBBY. 

The  Markings  on  Mars. 

Sib,— 

Allow  me  to  thank  Mr.  Knobel  for  having  given,  in  the '  Ob- 
servatory,' No.  38,  p.  453,  some  explanations  on  fiie  subject  of  the 
markings  on  Mars,  about  which  he  had  spoken  at  the  meeting  of 
the  Boyal  Astronomical  Society.  Mr.  Knobel  does  a  real  service 
to  Areography  in  recalling  attention  to  this  region,  still  so  little 
known,  at  the  approach  of  oppositions  in  which  it  can  be  best 
studied. 

It  is  a  question,  then,  as  to  the  light  bands  which  extend  from 
the  Kaiser  Sea  to  the  Tycho  Sea  (Knobel  Sea  of  Green)  and  which 
are  shown,  for  example,  in  the  drawing  No.  12  of  my  '  Ar^ographie,' 
due  to  McUller  in  1839,  and  in  figs.  11,  12,  and  13  of  Mr.  Knobel 
('Monthly  Notices,'  1873);  and,  I  would  add,  in  fig.  31  of  the 
*  Ar^ographie,'  due  also  to  Mr.  Knobel.  The  bands,  then,  precede 
the  Tycho  Sea  (Proctor).  It  is  necessary  to  be  very  precise  here, 
because  Mr.  Knobel  cites  a  passage  of  my  memoir  which  refers  to 
another  Tegion  follomnff  the  Tycho  Sea.  The  isthmus  of  which  I 
spea^  in  this  passage  is  the  bright  line  which  in  the  drawin&;s  Nos. 
S,  6,  7,  8,  and  9  of  Mr.  Knobel  (loc.  cit.)  separates  the  Tydio  Sea 
from  the  prolongation  which  follows  it,  or  separates  Knobel  Sea 
from  Tycho  Sea  (Green).  It  is  this  isthmus  which  Capt.  Jacob 
saw  in  1854. 

Since  the  puWication  of  the  *  Areographie '  our  knowledge  on  this 
point  has  not  changed;  this  region  was  not  sufficiently  visible  in 
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1875,  in  1877,  and  in  1879.  ^^'  G-reen  had  not  been  able  in 
taracing  his  chart  to  base  it  on  new  observations  on  this  poinf ,  and 
M.  Scbiaparelli  has  only  been  able  to  draw  there  the  Nile,  which  is 
nothing  but  a  simple  vestige  of  the  great  oceans  situated  in  those 
regions. 

Meanwhile  we  cannot  ^ve  anj  other  explanation  of  those  bands 
than  that  which  is  found  in  pp.  99-104  of  the  *  Areographie ;'  and 
the  two  questions  concerning  them  at  p.  104  are  still  submitted  in 
the  same  terms  to  the  attention  of  observers  of  the  next  opposi- 
tions : — 

(a)  What  are  the  relations  of  Tycho  Sea  to  Beer  Sea  and  Nas- 
myth  inlet? 

(b)  To  study  the  exact  configuration  of  the  two  dusky  bands 
whidi  join  Tycho  Sea  and  Dekwxbre  Sea  with  the  more  westerly 
r^Lons,  and  to  examine  if  they  are  not  in  reality  prolongations  of 
these  two  Seas  only  confused  on  the  East. 

The  following  is  a  complete  list  of  drawings  in  which  I  have  re- 
marked the  presence  of  the  two  bands  in  question.  The  obser- 
vations marked  with  an  asterisk  have  not  been  mentioned  in  the 
*  Areographie ': — 

Kunowsky  in  1822. 

Beer  &  Madler,  figs,  i  and  2  of  1837. 

Madler,  figs.  2,  3,  8,  9  of  1839. 

*(Mle,  1839,  Public,  des  Astrophys.  Obs.  zu  Potsdam,  vol.  i.  pt.2, 
pp.  129,  130;  figs.  12,  14,  and  15. 

Madler,  1841,  figs.  5,  6,  17,  19,  20,  22. 

Jacob,  1854. 

Secchi,  1858,  figs.  7,  8,  9,  10. 

*  Wilson,  187 1  (unpublished  drawings). 

J.  Schmidt,  1873,  fig.  17  of  ^^^  *  Ariographie.' 

Green,  1873,  *  Areographie,'  fig,  48. 

♦Trouvelot,  1873,  M&j  24,  26,  and  29  (Annals  of  Harvard  Coll. 
Obs.  vol.  viii.  part  2,  plate  22).  Very  remarkable  drawings  from 
this  point  of  view,  and  of  which  a  detailed  study  has  appeared  in 
the  '  BuUetins  de  TAcad.  Eoyale  de  Belgique,'  2"*'  S^rie,  Tome  xl. 
No.  IT,  chap.  V.  "Mers  de  Tycho  et  Delambre,"  p.  569. 

1  take  this  opportunity,  which  shows  so  well  the  interest  of  old 
drawings,  to  earnestly  solicit  of  the  Eoyal  Astronomical  Society  the 
publication  of  the  drawings  of  Hofrath  Schwabe  of  Dessau,  drawings 
included  in  the  register  of  observations  preserved  by  the  Society 
(vide  *  Monthly  Notices,'  1876,  May)  f.  These  drawings  were  made 
in  1830  and  1837,  and  it  is  unnecessary  to  point  out  the  interest 
which  would  be  taken  in  the  comparison  of  them  with  those  of 
Beer  and  Madler.'  This  precious  manuscript  of  Schwabe  contains 
also  drawings  of  Jupiter  and  Venus  which  may  perhaps  be  of 

t  [Up  to  the  present  time  SchwaWs  MSS.  have  not  been  in  the  actual  pos- 
ieesion  of  the  Boyal  Astronomical  Society,  haying  remained  at  Kew  Observatory 
for  examination  and  discussion  of  the  Sun-spot  obserrationsfyom  the  time  whea 
they  wew  brou^t  oveJr  to  this  country.— Ed.] 
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much  interest.  The  views  of  Jupiter  would  peiiiAps  serre  to 
elucidate  in  certain  points  the  important  question  of  the  *'  red  spot," 
so  much  discussed  at  the  present  time  amongst  astronomers. 

I  am,  Sir,  yours  faithfully, 
LouTain,  Belgium,  F.  TebbT. 

1880,  June  9. 

The  Nebula  in  the  Pleiades. 

Sib,— 

It  may  be  interesting  to  state,  in  connection  wiik  the  Nebula 
in  the  Pleiades,  that  M.  Tempel,  Director  of  the  Florence  Obser- 
vatory, has  sent  a  charming  little  map  or  drawing  of  the  group  and 
Nebida  to  the  Boyal  Astronomical  Society ;  it  is  done  by  hand,  and 
is  made  from  observations  with  a  refractor  of,  I  think,  about  iijl 
inches  aperture.  I  believe  there  is  some  idea  of  the  Society  pub- 
lishing it,  and  it  is  to  be  hoped  it  will  be  decided  to  do  so.  The 
drawing  shows  the  Nebula  much  as  Mr.  Hall  has  drawn  it; 
there  is  an  entire  absence  of  nebulous  matter  in  or  about  the  group, 
except  in  a  roughly  S.W.  direction  from  Merope ;  the  edges  running 
almost  directly  8.  and  W.  of  Merope  are  well  defined,  and  the 
Nebula  fades  gradually  away  to  the  S.W.  Just  S.  of  Merope  there 
appear  two  or  three  Httle  conglomerations,  where  M.  Tempel  ap- 
parently resolves  the  Nebula  into  minute  stars.  As  to  the  &int 
stars  in  the  group,  M.  Tempel  has  mapped  the  little  one  close  to 
the  triangle  near  Alcyone,  mentioned  by  Mr.  Knott  in  the  *  Ob- 
servatory '  for  June ;  also  a  rather  brighter  star  closely  n.  of  a  pair 
which  lies  about  1"*  p.  and  a  little  n.  of  the  triangle ;  this  stur  I 
saw  last  winter,  but  it  is  not  in  M.  Wolfs  map,  nor  among  those 
in  his  list  of  36  added  stars,  published  in  the  same  Number  of  the 
*  Observatory.'  I  have  not  yet  had  an  opportunity  of  comparing 
the  two  maps  completely.  I  remain,  yours  faithfully, 

Bathfern,  Bayners  Road,  JaMES  L.  M*^Ca17C£. 

Putney  Hill,  1880,  June  10. 

P.S. — Since  writing  the  above  I  have  read  a  translation  of  the 
extract  from  the  letter  of  M.  Tempel  accompanying  his  drawing. 
He  considers  the  nebulosity  surrounding  the  group,  which  some 
observers  have  thought  they  saw,  an  opbcal  illusion ;  and  the  two 
"  nuclei  or  nodules  south  of  Mercpe  are  but  little  more  luminous 
than  the  rest  of  the  nebula.  M.  Tempel  has  not  inserted  all  the 
minute  stars  he  sees,  and  the  omitted  ones  may  amount,  he  says, 
to  "  some  hundreds."  J.  L.  M^'Caitob. 

June  1%, 

Observing  Weather  at  Scilly. 

SlE,— 

It  was  mentioned  in  the  Astronomer  Boyal's  paper  on  the 
Transit  of  Venus  of  188 2,  thAt  the  Sun  would  be  too  low  for  good  ob- 
servations in  Great  Britain,  except  about  the  Land's  End  and  Valentia, 
where  the  elevation  is  about  14^,  and  the  fdctcnr  of  parallax  0*65. 
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As  the  transit  would  be  seen  longest  at  these  places  in  England 
and  Ireland,  I  endeavoured  to  obtain  some  meteorological  in- 
formation, two  or  three  years  back,  about  Yalentia  and  the  Scilly 
Islands  at  the  beginning  of  December.  Concerning  Yalentia,  I 
could  ascertain  nothing  ;  but  the  following  was  furnished  me  with 
regard  to  the  other  locality.  The  return  relates  to  December  6th, 
at  2^  afternoon,  each  year  (the  amount  of  cloud  is  given  in  brackets) : — 
1871  (3)j  1872  (4);,  1873  (3);  1874(4);  1875(4);  1876(3). 
The  figure  3  would  indicate  sky  three-fourfchs  covered;  and  4 
signifies  overcast.  It  is  well,  therefore,  that  observers  should  think 
twice  before  running  the  risk  of  cloudy  weather  in  the  most 
&vourable  parts  of  our  own  country.  From  my  own  observations 
in  another  locality  in  England,  only  on  one  occasion  (1879),  for 
many  years  back,  would  external  and  internal  contact  at  ingress 
have  been  obtainable. 

AbbenhaU  Rectory,  Faithfully  yours, 

Gloueester,  1880,  June  3.  SamUEL  J.  JoHKSOK. 


NOTES* 

BoTAL  OBSEEVAfoET,  GfiBBifwiOH. — ^Tho  Astrouomcr  Eoyal 
presented  his  Eeport  for  the  period  1879,  May  20,  to  1880,  May  9, 
at  the  Annual  Visitation  of  the  Eoyal  Observatory  on  June  5. 

Under  the  head  of  buildings  and  grounds,  it  is  stated  that  the 
Admiralty  have  decided  not  to  proceed  with  the  erection  of  a  new 
Library  in  the  present  year,  though  the  ground  has  been  cleared 
in  preparation. 

As  regards  instruments,  the  horizontal  circle  of  the  altasdmuth 
has  been  regraduated  and  an  azimuth-mark  at  a  distance  of  1700 
feet  has  been  set  up.  The  Astronomer  Boyal  has  had  constructed  by 
Mr.  Hilger  a  double-image  micrometer  with  a  sphere  of  Iceland 
spar,  but  has  not  yet  had  an  opportunity  of  exanuning  its  scale. 

The  record  of  observations  shows  4164  transits  and  3953  zenith- 
distances  of  Sun,  Moon,  Planets,  and  Stars  with  the  transit- 
circle.  The  Moon  hais  been  observed  99  times  with  the  transit- 
circle  and  154  times  with  the  altazimuth,  being  an  average  of  8*3 
and  i4'o  per  lunation  with  the  two  instruments  respectively. 
Occultations  of  stars  and  phenomena  of  Jupiter's  satellites  have 
been  observed  at  every  available  opportunity,  and  a  few  drawings  of 
Mars  and  Jupiter  and  measures  of  Deimos  and  the  satellites  of 
Saturn  have  been  made.  It  is  worthy  of  note,  as  evidence  of  the 
bad  weather  of  last  summer,  that  for  a  whole  month  in  July  no 
observation  of  the  Sun  could  be  obtained.  The  reductions  are 
kept  up  as  closely  as  usual,  and  the  results  of  the  collected  obser- 
vations of  last  year  have  been  completely  deduced. 

The  Sun's  chromosphere  has  been  examined  on  37  days,  and  on 
34  of  these  prominences  were  seen.    A  detailed  examination  of  the 
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spectrtun  of  the  chromosphere  at  24  points  of  the  limb  has  also  been 
made  on  four  days,  and  the  spectra  of  Sun-spots  have  been  ex- 
amined and  photographed.  The  motions  of  51  stars  in  the  line  of 
sight  have  been  spedroscopically  observed,  21  of  these  stars  being 
new.  As  it  is  found  practicable  with  the  Half-prism  Spectroscope 
to  apply  this  method  to  stars  of  the  fourth  magnitude,  it  is  ex- 
pected that  in  course  of  dme  the  motions  of  about  300  stars  may 
be  spectroscopioally  determined. 

Pnotographs  of  the  Sun  were  taken  on  145  days,  and  on  64  of 
these  they  show  a  complete  absence  of  spots,  whilst  in  the  pre- 
ceding year  there  was  a  similar  absence  of  spots  <hi  121  days  out 
of  150.  The  epoch  of  minimum  appears  to  have  occurred  about 
the  b^;inning  of  1879,  and  since  last  October  the  outbreak  of 
spots  has  been  very  marked.  The  photographs  have  been  measured, 
and  the  areas  of  spots  and  faculffi  and  heliographic  longitudes  and 
latitudes  of  spots  have  been  deduced  to  the  end  of  1879.  The 
mean  areas  of  spots  and  facul»,  and  the  mean  heliographic  latitude 
of  spots  for  each  rotation  from  1873  to  1879,  have  been  com- 
puted and  printed.  The  Spectroscopic  and  Photographic  Besults 
are  now  separated  from  the  Astronomical  Besults  with  a  view  to 
their  more  rapid  publication ;  and  as  regards  the  complete  volume 
of  Greenwich  ObsiBrvationii,  the  Queen's  Printers  have  courteously 
made  arrangements  for  accelerating  the  rate  of  printing. 

The  rating  of  chronometers  for  uie  Navy  and  the  dii^bution  <rf 
Time-signals  form  an  important  part  of  the  work  of  the  Boyal 
Observatory.  The  niunber  of  chronometers  on  hand  is  229,  44  of 
these  being  entered  for  the  annual  competitive  trial.  The  first 
chronometer  of  last  year's  competition  is  a  very  good  one,  only 
excelled  by  the  first  chronometer  in  1873.  Every  chronometer  is 
tested  in  a  temperature  approaching  to  100°  Pahr.  for  one  or  more 
periods  of  three  or  four  weeks  each.  In  connection  with  the 
question  of  isochronism,  some  observations  have  been  made  of  the 
arcs  of  vibration  of  the  balance. 

The  Greenwich  time-ball  has  been  regularly  dropped  at  i**  with- 
out a  single  failure ;  in  the  case  of  the  DeiJ  time-ball  there  have 
Jbeen  five  failures.  As  regards  the  accuracy  of  the  Westminster 
Clock,  its  errors  exceeded  i'  on  120  days ;  on  32  of  these  it  was 
between  2*  and  3%  on  4  days  between  3*  and  4',  and  on  i  day  it 
exceeded  4'.  Under  the  head  of  longitude  operations  it  is  men- 
tioned that  Commander  Green,  U.S.N.,  made  an  interchange  of 
signals  between  Greenwich  and  Porthcumo  on  four  nights  (1879, 
June  25  to  29)  for  the  purpose  of  determining  the  longitude  of 
Lisbon  as  part  of  a  chain  of  longitudes  extending  from  South 
America  to  Greenwich. 

In  the  Astronomical  part  of  the  establishment,  the  Observatoiy 
has  lost  the  services  of  a  responsible  assistant  for  at  least  seven 
months,  through  delay  in  filling  up  the  vacancy  caused  by  the  re- 
tirement of  Mr.  Lynn ;  and  although,  by  increase  of  employment 
of  computers,  routine  calculations  and  even  (but  with  some  risk) 
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routine  observatioiis  are  maintained,  those  services  that  require 
more  matured  judgment  cannot  thus  be  supplied. 

In  connection  with  the  Transit  of  Venus,  1874,  Major  Tupman's 
services  have  been  secured  till  the  end  of  June  1880 ;  and  the  ob- 
servations and  calculations  are  completed  for  the  Sandwich  Islands 
and  Bodriguez,  and  nearly  finished  tor  Egypt,  Kerguelen,  and  New 
Zealand,  and  125  pages  have  been  printed,  including  the  text  and 
the  greater  portion  of  the  tabular  part  oE  the  Honolulu  work. 

With  regard  to  the  Transit  of  1882,  the  Astronomer  Eojal  has 
lately  placed  a  Memorandum  before  the  Eoyal  Astronomical  Society. 
From  the  facility  with  which  the  requirements  for  geographical 
position  are  satisfied,  and  from  the  rapid  and  accurate  communica* 
tion  of  time  now  given  by  electric  telegraph,  the  observation  of 
this  Transit  will  be  comparatively  easy  and  inexpensive.  He  has 
attached  greater  importance  than  he  did  formerly  to  the  elevation 
of  the  Sun.  For  the  four  principal  phases  (Ingress  accelerated, 
and  retarded;  Egress  accelerated,  and  retarded)  he  proposes  to 
rely  mainly  on : — ist,  the  Cape  Colony ;  2nd,  the  shores  of  Canada 
and  the  United  States,  Bermuda,  and  the  West-India  Islands; 
3rd,  the  same  as  the  2Dd ;  4th  the  eastern  shore  of  Australia,  or 
New  Zealand  in  preference  if  telegraph-communication  be  made ; 
and  he  remarks  that  it  is  highly  desirable  that  steps  be  taken  now 
for  determining  by  telegraph  the  longitude  of  some  point  of  Aus* 
tralia.  He  considers  that  it  will  be  useless  to  repeat  photographic 
observations. 

Next  he  proceeds  to  report  on  the  progress  of  his  own  Lunar 
Theory.  The  general  principle  of  this  is :  to  adopt  for  correction 
the  best  existing  theory ;  to  compute  with  the  severest  accuracy  the 
numerical  values  of  the  terms  produced  geometrically  by  the  tabular 
coefficients^  and  also  the  terms  really  due  to  the  forces  which  pro- 
duce them ;  and  to  remove  the  differences  between  these  by  correc- 
tions of  the  tabular  coefficients,  for  which  corrections  proper  factors 
are  prepared.  It  was  a  special  object  to  avoid  the  use  of  powers 
of  m  (a  symbol  well  known  to  lunar  theorists),  and  to  give  easy 
means  of  computing,  not  new  absolute  values,  but  corrections  of 
existing  numerical  coefficients  (a  principle  which  he  has  adopted 
extensively  in  other  branches  of  astronomy),  and  also  of  computing 
the  effect  of  small  external  disturbances  or  small  changes  of  force. 
Both  these  are  obtained  by  his  process.  The  heaviest  part  of  the 
work  is  the  severe  computation  to  which  allusion  has  been  made ; 
and  this  is  done  entirely  by  junior  computers.  The  calculations 
had  been  carried  out  in  every  part  to  the  accuracy  of  10"^ ;  but  for 
securing  the  degree  of  accuracy  proposed  it  was  found  necessary 
to  extend  many  parts  to  io~^  and  some  to  io~*.  This  has  caused 
a  very  great  addition  to  the  labour,  but  the  work  has  advanced 
well,  and  will,  the  Astronomer  Boyal  trusts,  be  finished  ere  long. 
While  waiting  for  this,  which  is  to  give  the  correction  to  every  co- 
efficient of  the  ordinary  lunar  theory,  he  is  employing  himself 
partly  in  re-arranging  the  whole  work  for  publication,  and  in 
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putting  calcuUtions  in  order  for  that  correction  of  coefficientB; 
and  partly  on  three  ramifications  or  supplements  of  the  theory,  re- 
lating to — the  effect  of  the  earth's  oblateness  ;  the  effect  of  change 
of  position  of  the  ecliptic  nlane ;  and  the  effect  of  change  of  ex- 
centricity  of  the  earth  s  orbit,  and  Lunar  Acceleration.  The  hist 
of  these  he  has  completed  to  his  satis&ction,  requiring  only  an 
examination  of  the  external  factor;  the  two  others  are  progressing. 
The  Admiralty  have  assisted  him,  on  Estimates,  with  a  moderate 
grant  (of  amount  named  by  himself),  but  much  of  the  expense  has 
been  private. 

In  conclusion,  he  remarks  that  all  three  departments  of  the  Ob- 
servatory, vis.  the  Astronomical,  the  Magnetical  and  Meteorological, 
and  the  Photographic  and  Spectroscopic,  appoar  at  present  to  be 
working  efficiently  and  well.  But  he  can  easily  imagine  circum- 
stances which  would  interfere  materially  with  the  successful  con- 
tinuation, in  one  place,  of  this  triplicate  series  of  observations. 
Though  he  thinks  this  possibility  of  partial  failure  worthy  the  oon- 
tempktion  of  the  Board  of  Visitors,  yet  he  does  not  see  any 
necessity  for  action  of  any  kind  at  the  present  time. 

Obsbbvatioks  op  the  Satellites  oe  Mass*. —  Prof.  Pickmng 

Sublishes  a  very  fine  series  of  measures  of  position-angles  and 
istances  of  Deimos  and  Phobos,  made  with  a  filar  micrometer  at 
the  Harvard  College  Observatory.  The  observations  of  Deimos 
extend  from  1879  Oct.  20  to  1880  Jan.  10,  and  those  of  Phobos 
from  1879  Oct.  26  to  Dec.  7.  Of  the  former  207  sets  of  measures 
were  obtained,  and  of  the  latter  74,  each  set  consisting  of  5  separate 
readings.  Deimos  was  observed  on  29  nights,  and  Phobos  on  13, 
and  four  observers  took  part  in  the  work  by  turns,  so  that  sys- 
tematic errors  might  be  euminated  as  far  as  possible. 

The  Tbaksit  oe  Mbbcuet  1878,  Mat  6 1.— Mr.  D.  P.  Todd  ob- 
served the  four  contacts  at  Washington  with  a  5-inch  Cbxk  re- 
fractor, and  during  the  transit  made  a  s^rstematic  search  for  a 
possible  satellite,  but  without  success.  ]Ebdalso,made  a  series  of 
measures  of  the  diameter  of  Mercury  at  different  position-angles 
with  an  Airy  double-image  micrometer.  The  mean  diameter  thus 
found  is  1 1  "'84,  giving  f(»r  the  value  of  the  diameter  at  distance  unity 
6"'6o4+o''*oo4.  The  value  of  a  revolution  of  the  micr(»neter- 
Bcrew  was  determined  by  the  measurement  of  a  white  disk  i^ut 
two  feet  in  diameter  on  a  background  of  jet  blackness,  placed  at  a 
distance  of  about  3080  feet.  Assuming  a  solar  parallax  of  8"-8i, 
the  resulting  diameter  of  Mercury  would  be  4781  kilometresa 
2971  miles.  The  following  are  some  of  the  best  previous  deter- 
minations of  the  diameter  (at  distance  unity): — ^Bessel  (Helio- 
meter)  6"-68 ;  Main  (Double-Image  Micr.)  6"-89 ;  Bruhns  (Wire 
Micr.)6"-52;  Kaiser  (Double-Image  Micr.)  6'>6o6 ;  Wolff  (Helio- 
meter)  6^*23.  Mr.  Todd's  measures  do  not  show  any  sensible 
ellipticity. 

*  Astronomudie  Naohrichten,  No.  23  ii, 

t  Froo.  Amer.  Abboo.  for  Adranoement  of  Sddnoe  1879,  -^Qgcist 


Digitized  by 


Google 


1880.] 


Astronomical  Memoranda. 


489 


Astronomical  Memoranda,  1880,  July. 

Sun,  July  I,  sets  8**  18",  rises  15**  49";  July  15,  sets  8**  9", 
rises  16*"  4";  July  31,  sets  7**  48",  rises  16^  26°*. 

Equation  of  time: — Sun  after  Clock,  July  i,  3"  38*;  July  11, 
5"^  17*;  July  21,  6"*  10*;  July  31,  6™  6*. 

Sidereal  Time  at  Mean  Noon: — July  i,  6^  39"* 7 ;  July  11, 
f^  i9»-i ;  July  21,  7"»  s^^^S  5  J^ly  Sh  8^  37»-9. 

An  Annular  Eclipse  of  the  Sun,  invisible  at  G-reenwich,  occurs 
on  July  7.    It  is  visible  at  the  Cape  of  Good  Hope  as  a  Partial 
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New  Moon,  July  7,  i^  21™;  Eirst  Quarter,  July  14,  18^  16" ; 
Full,  July  21,  9^  2™;  Last  Quarter,  July  28,  11^  41". 

Mercury  is  an  evening  star,  at  greatest  elongation  (26°  21'  E.) 
on  July  8.    On  July  i  he  sets  i'  25™  after  the  Sun. 

Venus  is  in  superior  conjunction  on  July  13. 

Mara  is  an  evening  star  in  Leo,  setting  shortly  after  the  Sun. 
He  is  near  Begulus  on  the  evening  of  July  1 7,  being  about  40'  N* 
of  that  star. . 

Jupiter  is  nearly  stationary  in  Pisces;  in  quadrature  on  July  9. 
Diameter :— July  i,  37"-2  ;  July  31,  4i"'o. 
July    I,  EA.  i^    5"7,  Dec.  5^  35'  N.,  ti^.  i8>»  23™,  rises  11^  51" 
31,  I    14  -o  6   17  N.,       16  33  9  58 

Daily  rate  of  rotation  870^*60=2'  i5o°'6o;  Hourly  rate  36°'27S. 

Sahim  is  also  nearly  stationary,  about  one  third  of  the  way  from 
a  Pisdum  to  /3  Arietis. 

July    I,  RA.  i''  46"-i,  Dec.  8°  22'  N.,  tr.  jg^   4*,  rises  12'*  17" 
31,  I   51  "o  8   42  N.,       17    10  10  22 

Oater  Bing.  Inner  Bin^. 

Miy.  Axis.     Mm.  Axis.  M^j.  Axis.    Mm.  Axis. 

39"-86        io"-66        26"-so        7"-09 

41  -30         II  -15        27  -47         7  -41 
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The  south  side  of  the  rinffs  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  15^  31'  S.  on  July  13,  and  15°  40'  S.  on 
Aug.  2 ;  and  of  the  Sun  13°  6'  S.  and  13°  23'  S. 


Phenomena. 


G.  M.  T. 


July 


h       m 

12    42J.  iEc.  D. 
12    48  [782]  Oc.  E. 
274°. 
2     13     3SJ-iTr-E. 
4     13     15  J.  iii  Sh.  L 

7  Eel.  of  Sun, 
invisible  at 
Greenwich. 

22         MercurylSlojig. 
26^  2l'  E. 

8  14    36J.iEc.  D. 

9  13     iSJ.iTr.  I. 

14       Jupiter  iaquadr. 
ID     12     40  J.  i  Oo.  E. 

12  14     28J.  iiEc.  D. 

13  12  Venus       sup. 

conjunct. 

14  II     26  J.  ii  Tr.  I. 

14  6  J.  ii  Tr.  E. 

15  12     S4J.  iiiOc.  D. 

15  18  J.  iii  Oc.  E. 
17       8       I  [5253]  Oc.  D. 

10    39  [5286]  Oc.  D. 
34^ 


G.M.T. 


July  17 
18 


h       m 

14  34  J.  i  Oc  E. 
II     S4J.  iTr.  B. 
13       Saturninquadr, 
13     39    [6607]     Oc 

nearapproach  20*^. 
13     59  J.  ii  Tr.  I. 
II       9  J.  iii  Ec.  D. 
13     47  J.  iii  Ec.  E. 

11  45  J.  ii  Oc.  E. 

12  52  J.  iEc. D. 
II     33  J.  iTr.  I. 

13  46  J.  i  Tr.  E. 
10  54  J.  i  Oc.  E. 
16     24  loi  Pbe.  Oc. 

E,  292^ 
29     14    S3  f  Ariet.  Oc.  D. 
30^ 

15  4  CAriet.OcE. 

11°. 
15     10  J.  iii  £c.  D. 

14  14  J.  ii  Oc.  E. 

14  46  J.  i  Ec.  D. 

15  2$  99  Tauri  Oc. 
E.  299°- 


20 


21 
22 

23 
24 

25 

26 
27 


30 
31 


The  angles  at  Oc.,  D.,  and  E.  are  reckoned  from  the  appareiU  N. 
point  towards  the  right  of  the  Moon's  inverted  image. 

PublieoHons  received  '^ — ^Prof.  Simon  Newcomb,  TrdnsfomuUwn  of 
Hansen's  Lunar  Theory  compared  with  the  Theory  of  Ddaunay 
(WashingtoD,  1880) — ^Prof.  8.  P.  Langley,  Address  to  Section  A  of 
American  Association  for  Advancement  of  Science  (Salem,  1879) — 
C.  E.  BnrUmf  Physical  Observations  of  Mars,  1879-80  (Tians.  Boy. 
Dublin  Soc.,  New  Series,  Vol.  i.  Part  i2>— Stonyhurst  College 
Observatory,  Meteorological  and  Magnetical  Observations,  1879 — 
H.  C.  Eussell,  Main  and  River  Observations  in  New  South  Wales, 
1879  (Sydney,  i88o>— Balfour  Stewart,  On  the  Long  Period  In^ 
equality  in  Eainfall  (Proc.  lit.  &  Phil.  Soc.  Manchester,  Vol.  xix. 
No.  10) — ^Hoivard  Grubb,  On  the  Equatoreal  Telescc^  and  on  the 
r^ew  Observatory  of  Queen's  College,  Corh  (Phxj.  !Koy.  Dublin  Soc.). 
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Practical  Spectroscopy  in  i88o. — The  Language, 

Whateyeb  the  former  scientific  ages  of  the  world  may  have  been 
i^mous  for  or  distinguished  by,  the  present  is  surely  the  age  of 
spectroscopy — an  age,  at  least,  when  near  a  thousand  observers  are 
suddenly  found  at  work  on  that  subject,  where  only  three,  possibly 
four,  were  known  some  thirty  years  ago,  and  they  generally  usinff 
an  opening  between  window-shutters  for  the  modern  most  refined 
^*  slit "  arrangement,  distance  for  a  collimator,  long  eyesight  in 
place  of  an  examiuing  telescope,  and  one  big  lump  of  a  simple 
prism  in  place  of  a  train  of  prisms  of  very  compound  construction. 
Nor  can  it  be  wondered  at  that  such  myriad  popularity  has 
now  at  last  befallen  the  subject,  at  least  ever  since  the  opening 
up  by  Bunsen  and  Kirchhoff,  Angstrom  and  Thal^n,  Pliicker  and 
Hittorf  ;  for,  one  after  another,  every  new  spectroscopic  explorer 
during  the  last  twenty  years,  who  has  followed  those  mighty 
leaders  into  the  wonders  of  the  spectral  lights-land,  brings  back 
some  still  more  precious  discovery  than  before,  whether  in  As- 
tronomy or  Physics,  Pharmacy  or  Chemistry,  or  any  other  of  the 
practical  sciences.     Wonderftil,  too,  as  these  discoveries  generally 
are,  there  is  somehow  usually  a  peculiar  presentiment  of  cer- 
tainty about  them,  which  can  hardly  claim  existence  or  parallel  in 
any  other  equaUy  refined,    discriminating,    and   transcendental 
branch,  whether  of  optics  or  any  other  applied  science. 

Hence  it  is  that  the  crowds  of  observers  with  the  slit  and  the 
prism,  the  collimator  and  the  telescope,  redouble  themselves  over 
the  land,  convinced  beforehand  that  all  the  time  they  can  spend 
therein  is  well  spent,  and  their  pains  certain  to  be  rewarded.  So 
then,  in  truth,  how  voluminous  their  documents  do  become ;  for 
what  data  can  be  multiplied  so  easily  as  merely  numerical  state- 
ments of  any  thing  measurable  ?  and  as  every  modem  spectroscope 
is  turned  out  by  its  maker  with  some  kind  of  divided  scale, 
micrometer,  graduated  arc,  and  what  not,  away  goes  each  enthu- 
siastic observer  reading  ofE  the  numbers  instantly  before  his  eye, 
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entering  them  in  countless  ^ries  into  his  books ;  and  onl^  when 
the  ecstatic  pursuit  of  bright  lines  and  dark  bands  and  haze  is 
brought  up  all  standing  by  every  page  being  filled,  only  then  is 
there  leisure  to  think  of  a  few  consequences — or  for  one  observer  to 
compare  his  numbers  with  those  collected  bj  another ;  and  then, 
behold,  they  each  talk  an  unknown  language !  There  is  no  one 
who  can  interpret  their  words  into  the  universal  recognized  speech 
of  theoretical  science  in  nature ;  and  the  laborious  measures  of 
each  man,  standing  apart  and  uncomparable  with  those  of  his 
fellows,  lose  in  scientific  value,  and  may  be  lost  or  perish  from 
want  of  human  sympathy. 

Here,  then,  is  evidently  an  evil  under  the  sun,  claiming,  so  &r 
as  it  still  prevails,  instant  correction ;  for  it  is  becoming  worse  in 
the  daily  accumulation,  the  mountainous  piling  up  of  documents 
year  after  year,  and  will  be  even  more  serious  in  the  multiplying 
spectroscopy  of  the  future.  Then  let  every  new  hand  in  the 
subject  be  fully  assured  that,  while  accurate  numerical  spectrum- 
place  is  undoubtedly  the  one  ruling  cynosure  to  be  aimed  at 
through  all  spectroscopic  observation,  it  is  not  to  be  obtained  by 
reading  off,  ever  so  minutely,  any  kind  of  scale  whatever  tha^ 
either  is  or  can  be  attached  to  any  prism ;  and  this  is  because, 
besides  other  reasons,  every  bit  of  glass  that  is  successively  made 
into  a  prism  has  its  own  prismatic  individualities  or  idiosyncrasies — 
pulling  out  one  part  of  i^e  spectrum  of  light  more  or  less  t^n 
another ;  and  for  no  more  assignable  reason  than  that  one  piece 
of  glass  is  not  another  piece  of  glass,  though  they  may  look  ever 
so  alike  to  ordinary  external  examination,  and  have  been  ground 
and  polished  ever  so  nicely  to  the  same  refracting  angle  by  the 
working  optician. 

But  though  we  must  be  clear,  even  to  severity,  on  this  point, 
there  is  no  occasion  for  any  hard  words  ;  so  that  if  indeed  some, 
happily  by  no  means  all,  of  the  best  of  modem  observers  have 
published  occasionally  spectrum-places  of  lines  or  bands  of  light 
seen  by  them,  in  terms  m^^ly  of  the  scales  engraved  on  the  brass 
rims  of  their  own  prismatic  spectroscopes,  and  without  any  other 
scientific  importance  than  that  (and  by  so  doing  have  wrought 
some  remarkable  scientific  confusions  in  their  time,  such  as  the  dis- 
puted resemblances  or  identifications  a  few  years  ago  between  the 
spectral  phenomena  of  Solar  Corona,  Zodiacal  Light,  Aurora,  and 
a  certain  iron  line,  which  was  '^  green  "),  these  gentlemen  have  been 
neverthelesss  influenced  by  a  fine  enthusiasm  to  distinguish  them- 
selves worthily  by  contributing  to  the  newest  scientific  information 
of  their  day,  but  have  been  merely  a  little  hasty  in  one  part  of  their 
proceedings.  In  which  case,  however,  they  will  be  none  the  worse  for 
reflecting  maturely  upon  it  now ;  especially  as  we  shall  socm  find 
that  some  most  appropriate  principles  to  guide  a  nascent  science 
of  mensurational  spectroscopy  were  really  worked  out  during  time 
long  past ;  so  that  actually  thirty  or  forty  years  ago,  or  a  life- 
time almost,  before  the  world  was  stirred  by  the  dawn  of  the 
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general  spectroscopic  day,  and  when,  as  I  have  said  before^  there 
were  hardly  more  than  three  or  four  minds  publidj  known  to  be 
engased  upon  it,  jet  those  were  master-minds,  and  did  even  re- 
seardi  into  some  things  then,  almost  as  if  in  very  preparation  for 
the  needs  of  the  present  day. 

Thus,  if  we  take  a  flight  back  to  the  'Philosophical  Trans- 
actions 'for  1835,  ^^  B^^  ^^  there  (duly  enshrined  among  the 
now  classic  memoirs  of  other  great  departed,  such  as  Faraday^ 
J.  W.  Lubbock,  Whewell,  Eowan  Hamilton,  and  Pond)  a  short, 
but  terse  and  powerful  paper  by  the  Eev.  Baden  Powell,  contain- 
ing, though  perhaps  somewhat  unconsciously,  the  germs  of  the 
only  orthodox  scale  for  spectroscopy  which  the  science  need  ever 
hope  for ;  and  whose  simultaneous  importance  and  value  for  the 
theory  of  light  was  stated  in  that  (in  spectroscopy)  distant  day  to 
have  been  likewise  clearly  perceived  and  eamesUy  insisted  on  by 
"  Professor  Airy  *  and  Sir  John  Herschel." 

This  method  depended  on  the  wave-leugths  of  light,  and  had  its 
peculiar  strength  therein ;  because,  while  every  thing  else  varied 
bo^h  considerably  and  irregularly  in  any  experiments  that  could  be 
made  or  computed,  the  one  only  thing  which  kept  up  exactly 
with  the  refractive  index  was,  as  described  in  the  gradually  de- 
veloping theory  of  light  in  that  day,  "  the  length  of  the  interval  for 
each  ray,  the  Newtonian  fit,  or  the  undulatory  wave,  which  (by 
whatever  name  it  be  called)  has  demonstrably  a  real  existence  in 
the  nature  of  light,  and  the  value  of  which,  for  each  of  the  definite 
rays,  has  also  been  determined  by  Eraunhofer,  vtdth  his  usual  accu- 
racy, from  phenomena  totally  independent  of  refraction,  yiz.,  his  very 
remarkable  experiments,  in  which  a  spectrum,  absolutely  pure  and 
perfect,  is  obtained  without  the  intervention  of  any  prism,  from 
the  interferences  produced  by  a  fine  grating  of  paralld  wires  cover- 
ing an  object-glass.  The  positions  assumed  by  the  several  rays  here 
depend  on  nothing  but  the  lengths  of  their  periods  or  waves  simply 
as  such ;  and  the  intervals  between  them  are  precisely  proportional 
to  the  differences  of  those  lengths.  These  lengths  decrease  from 
the  red  to  the  blue  end  of  the  spectrum." 

Seeking,  then,  not  only  an  empirical  law,  which  should  connect 
the  wave-length  with  its  place  in  the  spectrum,  but  rather  the 
exact  formula  given  by  the  theory  of  light  for  the  relation  between 
the  length  of  a  wave  and  the  velocity  of  its  propagation,  and  the 
agreement  or  disagreement  of  that  with  Fraunhofer's  measures  of 
spectra  formed  by  several  different  media.  Prof.  Baden  Powell 
comes  to  the  condusion  ^'  that  the  theory  of  undulations,  as  ma- 
thematically set  forth  by  M.  Cauchy,  supplies  at  once  both  the 

*  In  special  testimonv  of  this  older  than  Nestor's  early  and  intimate  ao- 
quaintanoe  with,  and  Taned  experimentations  in,  the  true  arcana  of  modem 
speetrosoopic  oheervation,  I  may  mention  that  in  1856  he  kindly  lent  me,  for 
use  in  the  Teneriffs  astronomiokl  experiment,  several  of  his  old.  slit-arrange- 
ments for  solar  spectroscopy.  Yeiy  curious  old  things  in  tarnished  and  black- 
ened brass  they  were  too,  out  e£fectiTe  as  small  slits  worked  by  little  screws  of 
very  fine  thread. 
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law  and  the  explanabion  of  the  phenomena  of  dispersion ; "  or,  as 
we  may  roughly  describe  the  result  for  spectrum-mapping  pur- 
poses, that  to  each  place  in  the  spectrum  there  belongs  a  certain 
wave-length,  and  any  thing  that  could  alter  the  wave-length  of  any 
ray  of  light  would  alter  its  place  in  the  spectrum  simultaneously. 

Then  what  are  these  all-important  lengths  at  any  definite  places 
in  the  spectrum  ? 

At  the  places  of  the  principal  black,  or  "  Fraunhofer,"  lines  in 
the  solar  spectrum,  from  B  to  H,  they  are  as  follows  (in  the  first 
column),  according  to  that  paper  of  1835  : — 


At 

Paris  inch. 

British  inch. 

B.. 

. .    O'oooo  2541 

o-oooo  27082 

C. 

. .    O'oooo  2422 

o'oooo  25814 

D.. 

. .    O'OOOO  2175 

o'oooo  23182 

E.. 

. .   o'oooo  1945 

O'oooo  20730 

F.. 

. .  o-oooo  1794 

O'oooo  19 12  I 

Q,, 

. .  o'oooo  1587 

O'OOOO  16915 

H.. 

. .   o-oooo  1464 

O'oooo  15603 

But  the  unit  of  measure  here  being  that  latterly  disgraced  one, 
the  old  Paris  inch,  as  once  adopted  for  certain  purposes  in  Ger- 
many, and  bearing  a  relation  to  the  British  inch  of  1*0658  to  I'oooo, 
let  us  reduce  the  numbers  to  British  inches,  and  they  become  those 
given  in  the  second  column — something  evidently  so  very  small 
that  the  common  sense  of  our  philosophers,  when  writing  for  the 
mass  of  the  people  at  that  time,  instead  of  plaguing  them  with  so 
many  vacant  decimal  places  in  a  long  fraction,  bent  the  bow  in 
the  other  way,  and  told  them  how  many  of  such  very  little  un- 
dulations would  be  comprised  in  an  inch  (British  of  course).  The 
waves  of  light  at  each  standard  (Fraunhofer)  line  were  therefore 
then  declared  to  be : — 

At  B,  36  925  to  the  inch. 
C,  38  739 
I>,  43  137 

E,  48  239 

F,  52  299 
a,  59  119 
H,  64  090  * 

And  there  can  be  no  doubt  that  the  community  did  form  a  clearer 
idea  of  the  size  of  waves  of,  say  red  light,  by  being  told  that  they 
were  38,000  to  the  inch,  than  that  they  measured  0*00002 58 14  of 
an  inch.  But  there  were  to  be  experienced  more  troubles,  more 
examples  of  how  to  make  a  matter  which  was  abstruse  enough 

*  The  conversion  of  one  of  these  series  of  numbers  into  the  other  is  per- 
formed most  rapidly  by  the  use  of  a  table  of  Beciprocals — whereof  an  example 
from  1  to  10,000  was  published  by  the  Society  for  the  Diffusion  of  Useful 
Knowledge  in  1840;  and  another,  from  i  to  100,000,  by  Colonel  Oakee,  in 
1865  :  Hirst  Smyth  and  Son  (Taylor  and  Walton),  137  Gower  Street,  W.C.; 
and  0.  and  E.  Langton,  150  Fleet  Street,  London. 


Digitized  by 


Google 


1880.]  Practical  Spectroscopy  in  1880.  495 

already,  still  more  difficult  for  practical  apprebension,  before  that 
spectrum-place  for  spectroscopic  observers  should  be  reduced  to 
its  simplest  form  and  most  foundational  numbers. 

Strange  to  say,  too,  the  greatest  obstructions  to  any  such  de- 
sirable eventuality  were  found  in  Germany,  the  land  of  Fraun- 
hofer,  but  where  Fraunhofer  had  been  forgotten,  precisely  by  those 
who  should  most  have  remembered  him,  and  at  the  instant  when 
his  wave-lengths  of  light  should  have  met  their  world-wide  re- 
ward, in  universal  application  and  every-day  employment.  For 
when  the  year  i860  published  to  mankind  the  startling  intelligence 
from  that  father-land  of  the  discovery  of  "  spectrum  analysis,"  the 
venerable  Professor  Bunsen  (excellent  chiefly  in  chemistry)  pro- 
duced his  spectrum  results  in  mere  arbitrary  numbers,  they  being 
in  fact,  merely  the  accidental  scale  attached  to  his  prismatic  spec- 
troscope. Again,  and  almost  simultaneously  therewith,  the  learned 
Professors  Pliicker  and  Hittorf  were  splendid  in  their  physical 
researches,  by  means  of  the  spectroscope,  into  the  behaviour  of  the 
various  chemicals  they  operated  on,  but  expressed  their  results 
also,  on  their  fine  quarto  map-plates  of  spectra,  in  no  other  more 
significant  and  explanatory  manner  than  a  nicely  engraved  scale  of 
equal  parts  on  the  paper,  to  set  forth  the  unequal  deviations  of 
dispersions  in  their  prisms.  And,  lastly,  Professor  Kirehhoff,  who 
almost  attained  immortality  by  the  magnificent  stride  in  advance 
which  he  made  in  the  length  and  minuteness  of  his  Solar-spectrum 
map  (vastly  beyond  any  thing  ever  seen  before  in  the  world),  lost 
all  his  chances  again  of  that  best  of  immortality,  the  being  useful 
for  ever,  because  not  only  was  his  map  unfurnished  with  any  thing 
better  than  an  accidental  scale,  on  paper  also,  but  his  prisms  con- 
tracted some  and  expanded  other  parts  of  the  base-line  of  light  so 
variously,  as  to  become  quite  a  broken  reed  for  any  one  to  lean  on 
for  exact  spectrum  position  ;  and  certainly  proved  nothing  in  that 
department  for  the  pure  region  of  theory,  a  something  of,  and  for, 
the  mind  of  man  far  above  any  forms  of  mere  instrumentation. 

But  happily  what  Germany  had  forgotten  or  neglected,  Scandi- 
navia had  picked  up  and  cherished.  For,  in  the  far  north  of 
Sweden,  at  the  ancient  University  of  Upsala,  Professors  Angstrom 
and  Thai  en  were  at  that  very  time  labouring  to  perfect  Fraun- 
hofer's  grating  method  of  diffraction  spectra — Angstrom  chiefly 
applying  it  to  the  Sun,  and  Thalen  to  chemicals  rendered  incan- 
descent by  the  induction-spark ;  but  both  of  them  expressing  their 
work  finally  in  only  wave-lengths  of  light.  They  continued,  too, 
for  a  while,  as  Fraunhofer  had  long  previously  begun,  with  the  use 
of  that  most  convenient  unit  of  measure  so  universally  known  to 
all  Saxon,  Scandinavian,  and  Teutonic  peoples,  the  inch — that  happy 
medium  between  the  infinitely  great  and  the  infinitely  small,  be- 
tween the  size  of  man's  planetary  home  the  earth  and  the  size  of 
a  molecule  of  gaseous  matter ;  and  it  seemed  as  if  the  Northmen 
were  once  more,  though  now  in  the  service  of  peace  and  for  the 
promotion  of  science,  just  about  to  conquer  all  Europe,  when,  at 
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the  last  instant  before  coming  out  in  print,  straining  too  hard  to 
secure  something  of  an  unfortoiate  adventitious  glitter  of  the  mo- 
dem day,  Angstrom,  in  a  fatal  moment,  failed  in  loyalty  to  the  here- 
ditary metrological  traditions  of  his  heroic  country,  and  actudlj 
published  the  chief  labour  of  his  Northman's  life,  his  great  Solar- 
spectrum  map»  which  he  so  fondly  desired  to  become  the  Normal 
Solar  spectrum  of  all  the  civilized  human  race ;  yes,  published  it,  but 
how  ?  In  terms  of  wave-lengths  of  light  of  course,  just  as  Fraun- 
hofer  himself  would  have  desired ;  but  expressed,  as  Fraunhofer 
never  did,  in  terms  of  the  latest  invented,  most  inconvenient  stan- 
dard of  measure  ever  proposed  to  any  nation  or  people,  viz.  the 
French  metre — that  metre,  actually  supposed  by  some  amongst  the 
public  to  be  in  a  manner  necessarily  scientific,  because  it  is  new, 
because  it  is,  like  Greek,  unsuitable  to  all  the  ordinary  purposes  of 
Hfe,  because  of  its  bad,  crooked,  roundabout  principle  of  earth-corn- 
mensurability,  viz.  a  straight  line  formed  upon  a  curved  surface, 
and  that  badly  carried  out ;  and  because  it  was  invented  by  a  few 
o'er- vaulting  Doctrinaires,  who  at  that  time  cared  neither  for  God 
nor  the  people,  neither  for  religion  nor  for  history.  Such,  then,  is 
the  French  metre,  blindly  taken  up  by  a  few  even  of  our  scientific 
men,  when  it  is  really  so  very  much  more  the  symbol  of  Com- 
munism and  Social  Democracy,  of  the  destruction  of  libraries  and 
the  drowning  of  La  Place's  MSS. :  the  curse  of  the  future,  bom  as 
it  was  amidst  the  reign  of  terror  90  years  ago,  resuscitated  when 
Paris  was  burning  in  all  her  chief  palaces  9  years  ago  by  the  hands 
of  her  own  children ;  and  used  in  secret  as  the  emblem  of  bed 
antipathy  to  all  governments  both  human  and  divine — a  scriptural 
revolutionary  mark  of  the  beast,  whidi  several  other  countries 
besides  France,  quaking  to  their  foundations,  are  now  beginning 
to  fear  they  will  have  to  sufEer  from  before  the  pres^it  generation 
has  entirely  passed  away. 

But  the  lamentable  metrological  step  for  spectroscopy  was  taken 
in  Upsala,  past  all  ordinary  recall.  No  other  large  solar  spectrum 
than  Angstrom's  had  been  observed  throughout  in  wave-lengths, 
and  he  had  given  them  in  terms  of  the  French  metre.  Yc^un- 
tarily,  therefore,  or  involuntarily,  these  niunbers  are  now  being 
used  by  the  rising  spectroscopists  of  the  day.  An  immense 
number  of  new  spectroscopic  observations  are  being  taken  in  those 
terms,  and  many  men  who  ought  to  have  denied  both  themselves 
and  their  incomes  for  the  sake  of  principle,  are  beginning,  not  only 
to  tolerate  the  method,  but  to  try  to  sweeten  it  for  this  country's 
fatal  swallowing.  Do,  however,  what  they  may,  there  will  come 
up,  almost  as  if  to  check  their  wreckless  worldliness,  two  very 
serious  diificulties  wherever  the  new  French  metre  is  introduced 
in  place  of  the  ancient  inch ;  ior^  firsts  if  a  wave-length  of  light 
at  the  spectrum-place,  say  of  the  solar  line  D,  measures  only 
0*0000  23182  of  a  British  inch,  and  if  that  has  been  voted  already 
an  inconvenient  fraction  to  have  to  employ,  what  sort  of  fraction 
will  the  same  natural  and  real  length  of  an  undulation  of  light  be, 
in  terms  of  a  metre,  which  is  =»  39*37079  of  the  same  inches  ?  The 
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sensible  working  answer  to  that  question  is  sure  to  come  up  in 
time,  though  perhaps  only  when  English  Franco-metric  men  shall 
have  tried  and  exhausted  all  their  futile  inventions  to  hide  the  real 
ditBcultj  and  glorify  the  badge  of  the  Commune,  which  they,  we 
hope,  r^dly  hate,  and  do  not  in  secret  fraternize  with. 

Meanwhile  the  wave-length  of  light  at  D,  just  quoted,  when 
reduced  to  parts  of  a  metre,  is  evidently 

0'0000  2'?l82  -ooo  1 

^ s  o'ooo  ooo  s888,  nearly. 

39-37079 

This  is  surely  a  large  number  of  vacant  fractional  places  for  a 
man  to  have  to  carry  about  the  world  with  him ;  wherefore  it  has 
been  proposed^  by  those  who  palter  with  the  real  evil,  to  call  the 
last  figure  given  above  a  "  tenth  metre, "  or  to  imagine  a  unit  so 
small  as  to  be  only  the  billionth  of  a  metre ;  and  then  to  state, 
that  5888  of  these  totally  invisible  units  of  measure  span  the 
length  of  that  particular  uiidulafion  of  light.  But  the  matter 
cannot  rest  even  there,  for  as  spectrum-place  is  measurable  now 
with  the  best  instruments  to  five  places  of  figures,  it  becomes 
necessary  to  subdivide  these  invisible  units,  and  to  say,  in  an 
inapprehensible  sort  of  manner,  that  5888*1  of  those  unknown 
things  are  equal  to  a  length  which  any  one  can,  after  all,  form  a 
very  good  practical  idea  of,  when  simply  told,  that  there  are  43,137 
of  them  in  an  inch  British — a  unit  of  measure  whidi  he  sees,  uses 
and  handles  every  day ;  and  of  which  there  are  25  in  the  sacred  cubit 
of  the  Bible,  the  geometrical  cubit  of  the  whole  Earth,  because  it  is 
tiie  ten-millionth  part  of  the  said  Earth's  semiraxis  of  rotation. 

And  this  leads  on  to  the  second  objection  against  the  French 
metric  arrangement ;  for  a  scale  for  spectrum-place,  made  up  of 
equal  parts,  bearing  numbers  according  to  wave-lengths  directly, 
produces  a  most  dissimilar  representation  to  any  thing  ever  seen  in 
a  prismatic  spectrum.  The  prism  does  indeed,  we  all  know,  rather 
crowd  up  the  red  end  of  the  spectrum  and  stretch  out  the  violet ; 
but  the  wave-length  method  of  representation  expands  the  red  so 
excessively  as,  in  the  solar  spectrum,  to  leave  the  lines  there  few 
and  far  apart,  but  to  crowd  up  the  violet  to  such  a  degree  that 
the  lines  observed  there  in  Nature  have  not  standing  room  in  the 
map.  Now  this  is  what  Angstrom's  Normal  Solar  spectrum  in 
its  French  dress  does — the  very  short  visible  distance  between  solar 
A  and  B  being  measured  by  737,  and  the  very  long  distance  be- 
tween G  and  H  being  measured  by  only  339  of  the  same  units. 

That  particular  practical  defeeb  would  no  doubt  be  found  if 
simple  wave-lengths  were  expressed  in  fractions  of  an  inch 
directly ;  while  such  a  scale  would  also  have  the  further  defect 
of  Angstrom's  French  metric  numbers,  of  decreasing  from  red  to 
violet  of  the  spectrum,  or  exactly  opposite  to  the  increase  of  the 
index  of  refraction,  which  is  itself  the  very  agent  in  all  prisms  for 
producing  any  spectrum  at  all.  But  the  inch  does  not  leave  us  in 
this  diffiodty.     With  the  kindly  feelings  and  the  practical  suit- 
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ableuess  of  old  hereditary  customs  of  the  human  race  for  what  ia 
most  important  to  the  poor  and  needy,  the  uneducated  and  the 
most  numerous  in  the  mass  of  the  people,  the  inch  and  its  customs 
have,  as  we  have  already  hinted,  opened  a  way  of  escape  for  the  scien- 
tific and  the  few  out  of  the  double  absurdity  they  have  been  landed 
in  by  the  French  metre ;  and  it  is  a  way  as  efficacious  as  simple. 

Let  the  wave-lengths  only  be  expressed,  as  any  clever  and  handy 
mechanic  would  naturally  express  the  size  of  any  thing  so  very 
small,  viz.  by  the  number  of  them  in  an  inch,  and  then  the  shorter 
lengths  of  violet  over  red  waves  of  light,  when  used  as  divisors  of 
the  inch,  produce  precisely  the  greater  numbers  which  we  require 
at  that  violet  or  more  refrangible  end  of  the  spectrum.  In  fact,  a 
spectrum  drawn  out  on  that  principle  of  scale  (viz.  of  wave-lengths 
expressed  by  the  number  of  waves  in  a  larger  unit  of  measure) 
comes  most  charmingly  between  the  appearance  of  the  spectrum 
as  seen  in  a  prism  on  one  side  and  in  a  diffraction-grating  on  the 
other;  and  which  of  these  two  methods  is  going  to  be  the 
favourite  with  spectroscopists  in  the  future  ?  "  That  1  know  not, 
no  not  I ;"  so  admirable  have  been  the  machines  lately  invented 
by  L.  M.  Rutherfurd,  Esq.,  of  New  York,  for  the  construction 
and  multiplication  of  the  gratings;  so  that,  though  at  one  time 
Fraunhofer  was  the  only  man  who  possessed  even  a  moderately 
close  grating,  all  sorts  of  observers  may  now  revel  in  possession  of 
superb  ones,  having  18,000  lines  and  more  to  the  inch  *. 

In  every  way,  then,  we  obtain  a  more  natural  scale  and  repre- 
sentation of  spectra  by  the  use  of  numbers  of  waves  to  the  inch, 
than  by  the  length  of  waves  in  terms  of  a  metre,  or  the  billionth 
of  a  metre  either.  And  though  the  British  Association  for  ihe 
Advancement  of  Science  has  endeavoured  to  give  that  French 
metrical  method  a  new  life,  by  converting  the  fractions  of  a  metre 
into  the  number  contained  in  a  metre  (or  by  referring  again  to  the 
reciprocals  of  the  numbers  t),  yet  the  figures  are  not  so  handy  as 
those  of  the  inch  content,  the  metre  having  to  use  generally 
7  places  of  numbers  to  express  what  the  inch  can  do  as  well 
with  5  places. 

Besides  which  circumstance,  it  is  necessary  to  take  into  account 
that  the  French-following  peoples  have  not  adopted  or  looked  with 
favour  on  wave-lengths  expressed  by  wave-numbers  in  a  metre; 
so  that  in  practical  reality  the  only  two  existing  and  conflicting 
systems  for  spectrum  representation  are,  at  present,  either  wave- 
lengths in  French  metrical  fractions,  or  wave-lengths  by  their 
numbers  in  the  inch  British,  the  old  French  inch  having  been 

*  We  are  told  that  Mr.  Butherfurd's  machine  is  driven  entirely  by  water- 

Eower,  and  after  it  has  once  begun  a  grating  is  never  interfered  with  until  it 
as  finished  it — a  period  eenerallj  of  ten  days  and  ten  nights,  in  a  room  of 
most  equal  temperature,  tne  water  pressure  being  also  specially  regulated. 

t  They  oall  them  also  ''  oscillation  frequencies,"  but  which  seems  to  need- 
lessly complicate  the  question  by  bringing  in  the  idea  of  time  and  its  arbitrary 
units  of  measure,  when  reference  to  linear  measure  is  all  that  is  really  required 
to  fix  and  describe  the  phenomenon  under  obserration. 
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"Wavb-lbngths  of  Light  at  diffeeent  paets  of  the 
Spectrum. 
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annihilated  by  the  French  people  themselves,  and  all  accidental 
and  arbitrary  prism-scales  being  allowed  now  bj  every  one  to  have 
been  a  mistake  which  must  never  be  repeated. 

But  the  two  "  wave ''  methods  existing  as  above,  will  not  only 
oppose  each  other  by  complete  dissimilarity  through  all  the  num- 
bers employed,  and  by  one  of  them  beginning  with  its  smallest 
numbers  at  the  red  end,  and  the  other  at  the  violet  end  of  the 
spectrum,  but  their  inherent  spirits  of  opposition  will  manifest 
themselves  in  the  orientation  of  their  spectra  also ;  so  that  while 
the  French-metre  party  are  fond  of  beginning  their  spectra  with 
the  red  end  to  their  right,  the  British-inch  party  begin  with  theirs 
to  the  left ;  and  who  shall  decide  between  them  ? 

Nature  and  all  civilized  mankind,  of  course ;  and  they  settle  it 
thus  promptly. 

Every  written  and  printed  page  in  every  European  country 
begins  at  the  top  and  on  the  left,  and  continues  thence  to  the  right ; 
the  left  side  of  a  sheet  of  paper,  and  the  upper  comer,  is  therefore 
the  universally  allowed  place  for  the  beginning  of  whatever  is  to 
be  depicted  or  written  upon  it ;  we  are  bound,  therefore,  to  place 
on  that  side  and  in  that  comer  whatever  Nature  shall  call  the 
beginning  of  her  spectrum.  And  which  part  does  she  so  call? 
Here  is  the  test.  Whenever  the  temperature  of  bodies  is  raised 
out  of  and  above  that  grand  standaiti  which  is  the  condition  of 
human  existence,  up  to  that  intensity  where  they  begin  to  give 
out  light,  and  thereby  furnish  the  first  food  for  the  spectroscope, 
red  is  the  first  spectral  colour  which  appears,  and  violet  the  last,  by 
the  admission  of  all  parties ;  so  that  our  argument  is  now  ended. 

Whatever  conclusions  pure  literary  or  theoretical  men  may  arrive 
at  on  the  whole  course  of  this  inquiry,  I  may  perhaps  be  allowed, 
as  a  practical  man,  to  testify  further  that  I  had  no  full  satisfaction, 
and  my  observations  had  not  their  completest  accuracy,  until  I 
bad  amended,  for  myself  in  private,  the  language  in  which  their 
spectroscopic  results  were  to  be  expressed,  both  numerically  and 
graphically ;  and  until,  also,  I  had  mounted  every  spectrum  map  in 
my  possession  with  the  red  end  towards  the  left,  and  given  it  a 
scale  of  wave-numbers  per  British  inch  *,  increasing,  of  course, 
from  left  to  right,  and  when  iu  columns  from  top  to  bottom; 
while  in  order  to  have  the  means  of  immediately  interpreting  into 
numbers  understandable  to  me  any  chance  observations  on  my 
subjects  that  I  might  meet  with  in  books  by  French  metrical  men, 
I  prepared  a  simple  conversion-table,  of  which  the  few  numbers 
on  p.  499  will  give  a  practical  idea. 

Will  the  reader  consent  to  hear  any  thing  more  about  spec- 
troscopy in  the  language  of  the  last  of  those  columns  alone? 

FiazziSmtth. 

*  Had  British  law  allowed,  I  should,  of  coarse,  have  preferred  to  use 
geometrical,  t.  e.  evenly  Earth  commensurable  inches,  such  as  the  inches  of  the 
uispired  design  of  the  ancient  Great  Pyramid  and  the  Bible,  whereof  500  000  000, 
and  not  the  500  500  000  yery  nearly,  of  the  British  inches,  measure  the  length 
of  the  Earth's  axis  of  rotation. 
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Solar  Physics  *.— Part  I. 

TtKATTNa  to  those  of  wider  knowledge  the  survey  of  the  whole 
field  of  scientific  labour,  it  has  seemed  to  me  that  I  could  best 
present  to  you  some  account  of  that  branch  of  it  with  which  I  am 
most  familiar,  which  is  that  of  "  Solar  Physics." 

This  study  is  essentially  a  modern  one.  Astronomy,  which  in 
the  earliest  times  could  only  mark  the  annual  path  of  the  sun,  or 
count  the  stars,  with  the  invention  of  the  telescope  still  concerned 
itself  more  with  the  motions  of  the  heavenly  bodies  than  with  their 
physical  nature.  It  sought  out  new  methods  of  precision  to  fix 
the  places  of  these  stars,  and  to  mark  out  for  the  navigator  the 
path  of  the  Moon  on  the  celestial  dial ;  it  united  itself  ultimately 
with  the  sister  science  of  mathematics  in  predicting  the  places  of 
the  heavenly  bodies  from  the  law  of  gravitation ;  but  it  was  still  as 
a  surveyor  and  marker  of  boundaries  in  the  field  of  space  that  the 
observer  chiefly  laboured,  and  we  associate  the  most  striking 
triumphs  of  the  classic  astronomy  with  this  work  of  precision.  It 
is  this  aspect  that  appeals  even  to  the  imagination,  and  which  is 
seized  as  distinctive  by  the  poet  of  Urania : — 

"That  little  Yemier  on  whose  alender  Hnes 
The  midniffht  taper  tremhleB  at  it  shines, 
A  silent  index,  tracks  the  planets'  march 
In  all  their  wanderings  through  the  ethereal  arch, 
Tells  through  the  mist  where  dazzled  Mercury  bums, 
And  marks  the  spot  where  Uranus  returns." 

These  are  noble  aims  and  noble  results ;  but  it  is  curious  to  see 
how  observers  of  the  last  century,  who  had  learned  this  excellent 
lesson  of  precision,  had  learned  no  other,  and  remained  indifferent 
to  a  great  question  to  which  the  old  methods  did  not  apply.  We 
are  called  into  existence  by  a  great  central  fire,  the  Sun,  by  which 
we  continue  to  exist  from  one  hour  to  another.  What  is  it  ?  what 
is  this  heat  which  it  pours  into  space,  and  with  whose  cessation 
we  shall  cease  ?  How  long  will  it  continue  to  feed  our  lives  ?  A 
few  years  ago,  with  almost  the  sole  exceptions  of  the  Herschels 
and  Pouillet,  no  one  even  asked  these  questions,  much  less  intelli- 
gently sought  their  solution. 

It  is  hard  to  say  to  whom  the  awakening  of  attention  is  due ; 
yet  if  any  one  were  to  be  named,  it  should  perhaps  be  the  Italian 
physicist  MeUoni,  "  the  Newton  of  heat.*' 

His  book,  'La  Thermochrose,'  has  to  me  an  attraction  of  it^i 
own ;  for  the  author,  with  the  ingenuous  confidence  of  his  nation, 
begins,  not  by  describing  his  thermopile  or  galvanon^ter,  but  by 
taking  the  reader  into  his  personal  experience,  and  telling  him 
how  even  as  a  child  he  felt  an  invincible  curiosity  about  what  we 
have  just  seen  hardly  any  one  else  then  cared  for,  and  how,  rising* 

*  Address  of  Prof.  S.  P.  Langley  to  Section  A  of  the  American  Association 
for  the  Adranoement  of  Science,  August  1879.   Communnicated  by  the  author. 
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long  before  dawn,  he  loved  to  seek  some  quiet  spot,  to  wait  there 
in  the  silence  of  the  sleeping  world  the  first  beams  of  the  sun,  and 
as  he  felt  their  warmth  and  heard  the  stir  of  life  they  awakened 
round  him,  how  he  toa  was  stirred  with  wonder  and  interest  as  to 
the  nature  of  that  mysterious  thing,  radiant  heat,  and  resolved  to 
give  his  future  to  its  study.  If,  to  distinguish  a  cause  for  wonder 
and  inquiry  in  what  to  the  common  mind  has  called  for  neither,  be 
a  characteristic  of  genius,  then  Melloni  must  be  allowed  its  pos- 
session, and  in  his  but  too  short  years  he  showed  the  world  how 
much  interest  and  importance  lay  in  this  then  neglected  study, 
which  so  many  with  clearer  knowledge  and  better  methods  follow 
to-day. 

Fraunhofer's  previous  work  had  prepared  the  way  for  the  spec- 
troscope, and  with  the  now  awakened  interest  in  these  questions, 
its  employment  by  Kirchhoft  in  i860  may  be  said  to  inaugurate 
the  present  study  of  solar  physics,  as  distinguished  from  the 
classic  astronomy,  which  concerned  itself  with  number  and  measure 
first,  and  in  a  wholly  secondary  degree  with  the  physical  charac- 
teristics of  the  heavenly  bodies.  This  study  occupies  itself  with 
the  former,  indeed,  but  chiefly  in  aid  of  other  investigations  ;  and 
by  the  study  of  solar  physics,  then,  we  mean  much  more  than  a 
telescopic  examination  of  the  Sun — we  mean  besides  this  the 
analysis  of  its  radiations  by  the  spectroscope,  their  summation  by 
the  photometer  and  thermopile,  the  determinations  of  its  heat  and 
the  possible  effects  of  changes  in  it  on  terrestrial  meteorology,  and 
generally  the  pursuit  of  all  those  problems  which  unite  the  methods 
of  physics  and  astronomy. 

In  i860  we  already  knew  that  the  Sun  was  surrounded  by  an 
envelope  then  visible  only  during  total  eclipses,  and  which  was 
surmised  to  be  gaseous ;  and  of  the  Sun  itself  we  knew  very  little 
more  than  that  it  was  a  hot  globe  with  spots  upon  it ;  for,  though 
Schwahe  had  observed  the  periodicity  of  the  spots,  and  Carrington 
was  already  at  work,  their  results  were  not  wholly  public,  and  the 
facts  of  the  variable  velocity  of  the  Sun's  rotation  were  rather  the 
surmises  of  a  few  than  part  of  the  body  of  acquired  knowledge. 
Since  then  this  branch  of  astronomy  has  grown  almost  to  the 
position  of  an  independent  science,  and,  though  it  has  not  yet 
been  distinctly  divided  into  specialities  in  its  turn  like  its  elder 
sisters,  yet  we  already  see  a  tendency  to  their  formations.  Thus, 
with  the  study  of  the  motions  of  the  solar  surface  we  associate  with 
the  names  just  mentioned  those  of  Sporer,  De  la  Eue,  and  Wolf ; 
with  eye-studies  of  the  photosphere  or  solar  meteorology,  those  of 
Dawes,  Secchi,  and  others ;  with  the  telescopic  use  of  the  spec- 
troscope those  of  Huggins,  Janssen,  Lockyer,  Secchi,  Young,  and 
— ^acchinL  The  work  of  mapping  the  spectrum,  begun  by  Kirchhoff, 
has  been  continued  by  Angstrom,  Mascart,  and  Comu,  while 
photography,  in  the  hands  of  Eutherfurd,  Janssen,  and  Draper, 
has  largely  superseded  telescopic  studies  of  the  photosphere ;  and 
the  list  might  be  enlarged  indefinitely.    Let  us  glance  at  part  of 
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the  work  done  by  these  during  the  past  twenty  years,  for  their 
labours  make  the  history  of  our  study. 

The  work  of  Carrington,  completed  in  1861,  taught  us  what  had 
before  been  suspected — both  the  periodicity  of  the  spots  and  that 
this  great  globe,  so  far  as  we  can  see  it,  has  different  periods  of 
rotation,  its  equatorial  zones  completing  a  revolution  in  less  time 
than  its  polar  ones.  We  know  very  little  more  on  this  point  now, 
the  cause  of  both  phenomena  remaining  wholly  mysterious 
to-day. 

In  the  next  year  (1862)  an  impulse  was  given  to  the  study  of 
the  solar  surface  by  the  announcement  of  a  supposed  discovery  of 
gigantic  individual  bodies  in  it,  of  from  500  to  1000  miles  in 
length,  distinct  from  each  other,  and  existing  in  countless  numbers. 
This  extraordinary  statement  was  not  easily  disproved,  as  it  is 
with  great  difficulty  that  the  real  structure  is  discernible  by  the 
best  telescopes.  Forms,  we  can  scarcely  call  them  "  bodies,"  are 
undoubtedly  there,  of  a  size  and  in  numbers  which  could  only  exist 
on  so  vast  a  surface,  and  which  are  no  doubt  the  chief  immediate 
cause  of  the  sun's  light  and  heat — but  what  are  their  causes  in 
turn,  and  what  is  their  real  nature  ?  The  suggestion  was  made 
at  the  time  by  the  then,  perhaps,  most  eminent  living  astronomer, 
that  they  might  be,  in  a  sort,  living  things — beings,  in  fact,  whose 
vital  force  gave  us  the  solar  heat;  a  suggestion  which  we  may 
smile  at  now,  but  which  was  received  at  the  time  with  a  kind  of 
awe,  as  adumbrating  some  possible  truth.  Of  its  author  I  would 
speak  with  all  possible  respect  in  citing  it,  which  I  do  here,  as 
nothing  can  better  indicate  the  obscurity  of  our  knowledge,  even 
at  so  recent  a  period.  We  may  look  back  on  such  a  possible  sug- 
gestion and  its  connection  with  that  *'  vital  force,"  now  itself 
banished  by  physiology,  as  a  kind  of  landmark  on  the  road  we 
have  travelled.  Our  science,  young  as  it  is,  is  old  enough  to  have 
bad  its  age  of  fable. 

Since  that  time,* in  France,  in  Italy,  in  England,  and  here, 
thousands  of  telescopic  studies  have  been  made  with  the  purpose 
of  defining  these  forms,  and  of  learning  more  about  the  growth  of 
those  mysterious  objects  with  which  they  are  associated — the 
Sun's  spots,  which  drew  the  attention  of  Fabricius  and  Galileo, 
and  which  still  attract  our  own  more  than  ever  to-day,  with 
problems  which  seem  nearly  insoluble.  Every  thing  we  see 
convinces  us  that  the  solar  surface  in  which  they  are  formed  is 
neither  a  solid  nor  a  liquid,  but  composed  of  volumes  of  whirling 
vapours;  yet  through  this  vapour,  which  seems  to  offer  no 
resistance,  come  eruptions  of  explosive  violence  such  as  one  would 
suppose  must  arise  from  the  sudden  bursting  of  some  rigid  shell. 
The  turmoil  within  the  areas  of  disturbance  is  so  great,  the  area 
itself  so  vast  and  enclosing  such  diversities  of  action,  that  we  are 
still  doubtful  how  far  this  action  is  downward,  how  far  upward. 

Under  the  circumstances,  we  can  hardly  say  that  twenty  years 
of  observation  in  this  department  have  brought  us  results  corn- 
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mensnrate  with  the  kbour  expended,  nor  have  we  derired  great  aid 
from  photography  until  some  recent  advances  of  which  I  hare 
presently  to  speak. 

A  review  of  oar  past  studies  of  the  corona  is  a  review  of  the 
solar  eclipses  during  the  past  twenty  years  ;  for  it  is  a  fact,  nn- 
paralleled  in  the  sciences  of  observation,  that  the  opportunities 
for  this  knowledge  last  only  minutes,  and  are  separated  by  intervals 
of  years.  Till  i860  it  was  uncertain  whether  t^e  protuberances 
belonged  to  the  Sun  or  Moon ;  but  in  that  year  the  then  newly 
applied  photographic  method  made  it  nearly  certain  that  they  were 
parts  of  the  former,  and  previous  surmises  that  they  were  exten- 
sions of  an  envelope  everywhere  surrounding  the  Sun  were  con- 
firmed. In  1 868  some  traces  of  the  corona  were  first  photographed. 
The  spectroscope  was  used  upon  the  prominences,  their  gaseous 
nature  was  proved,  and  nine  of  the  chromospheric  lines  were 
determined ;  and  nearly  together  Messrs.  Janssen  and  Lockyer 
made  the  discovery  that  these  lines  could  be  seen  without  an 
eclipse:  1869  brought  that  eclipse  which  traversed  our  own 
territory,  and  in  this  the  distinctive  coronal  line  was  first  observed 
by  Young  and  by  Harkness ;  while  in  this,  and  yet  more  in  the 
eclipse  of  1870  and  187 1,  we  obtained  better  photographs  of 
the  corona,  and  greatly  increased  our  knowledge  of  its  apparent 
structure. 

It  is  hardly  possible  to  present  even  in  the  briefest  way  any 
review  here  of  the  separate  history  of  spectroscopic  research  since 
i860,  during  which  time  it  has  been  connected  with  most  of  the 
important  steps  in  every  field  of  our  study.  It  has,  in  the  hands 
of  Messrs.  Huggins,  Zollner,  and  Young,  made  visible  to  us  the 
forms  of  the  chromosphere,  and  enabled  us  to  measure  the  velocity 
of  motions  upon  the  Sun  otherwise  beyond  estimate,  while  at  the 
same  time  it  has  given  us  independent  data  for  the  absolute  velocity 
of  other  suns  in  space,  and  tor  that  of  the  rotation  of  our  own 
solar  photosphere.  It,  has,  in  the  hands  of  Secchi  and  others, 
connected  our  knowledge  of  our  Sun's  physical  constitution,  and 
perhaps  of  its  past  history,  with  that  of  other  suns,  and  even 
assumed  to  give  us  information  whence  we  might  infer  something 
as  to  their  mass,  as  well  as  physical  constitution,  while  it  has 
immensely  increased  the  number  of  lines  mapped  twenty  years 
since  in  the  spectrum,  and  modified  the  ideas  we  then  entertoined 
as  to  the  interpretation  of  these  lines  themselves. 

The  important  question  of  the  amount  of  heat  received  from 
the  Sun  has  been  the  subject  of  almost  uninterrupted  experiment 
and  study  during  the  period  under  review,  but  without  essentially 
altering  the  data  of  Herschel  and  PouiUet  which  we  already 
possessed.  In  this  field  the  French  physicists  and  our  countryman, 
Mr.  Ericsson,  have  been  prominent  workers,  and  we  have  attained 
results  possessing  all  desirable  certitude  relatively  to  our  knowledge 
in  other  branches. 

Investigations  on  the  solar  temperature  have  been  carried  on  by 
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many  observers,  but  with  results  which  are  thus  far  less  satisfac- 
tory. 

I  am  painfully  sensible  of  the  inade(]^uacy  of  this  review  of  the 
history  of  solar  physics,  but  the  brief  time  before  me  warns  me  tp 
come  from  its  past  to  its  present.  Within  the  last  two  years  the 
dif&culties  I  have  alluded  to,  as  so  great  in  eye-studies  of  the  solar 
surface,  have  been  singularly  modified  bv  the  remarkable  advance 
of  solar  photography  at  the  hands  oi  M.  Jaussen.  When  I 
recently  visited  his  observatory  at  Meudon,  I  found  him  producing 
original  negatives  on  a  scale  of  nearly  thirty  English  inches  to  the 
solar  diameter,  and  which  bear  eiilargement  to  nearly  ten  feet  with 
remarkable  precision ;  and  one  of  these  negatives,  which  presents 
over  a  million  discrete  cloud-forms,  can  be  taken  in  ^^jVo  ^^  ^ 
second.  In  another  branch  of  phot(^apby,  that  of  the  reproduc- 
tion of  spectral  lines,  for  which  so  much  is  due  to  Rutherf urd  and 
Draper,  I  know  nothing  more  surprising  than  the  recent  success 
of  Captain  Abney  (of  the  Eoyal  Engineers)  at  South  Kensington, 
who  has  photographed  the  red  end  of  the  spectrum,  and  far  beyond 
the  red  end,  to  a  wave-length  of  about  12,000  tenth-metres.  As 
this  statement  may  of  itself  convey  no  clear  idea  to  some  of  my 
audience,  let  me  explain  in  less  technical  language  that  it  means 
we  can  now  photograph  objects  in  absolute  darkness — objects 
which  are  not  luminous — simply  by  the  heat  they  give  out.  This 
is  a  discovery  which  obviously  lends  itself  to  important  practical 
applications,  while  it  is  of  further  interest  as  bringing  another 
proof  of  that  identity  of  heat  and  light,  with  radiations  differing 
only  in  wave-length,  long  since  surmised  by  physicists,  and  asserted 
prominently  by  Dr.  John  W.  Draper,  whose  photographs  are  also 
the  earliest  in  the  path  which  Captain  Abney  has  carried  on  by 
independent  methods.  Theoretically,  there  would  seem  to  be  no 
limit  to  this  power  of  photography  so  long  as  objects  radiate  any 
heat  whatever. 

Of  recent  coronal  studies,  I  have  only  to  speak  of  the  opportunity 
afforded  by  the  eclipse  of  last  year  in  our  own  Western  territory. 
Observed  as  it  was  in  the  pure  air  of  the  Rocky  Mountains,  we 
found  an  immense  and  hitherto  almost  unsuspected  extension  of 
the  corona  in  the  direction  of  the  solar  equator,  such  as  to  make 
it  increasingly  probable  that  the  outer  corona  and  the  zodiacal 
light  are  di&rent  appearances  with  a  common  origin.  The  physical 
constitution  of  the  inner  corona  seemed  to  be  modified  by  the 
weakness  or  absence  of  a  former  constituent ;  and  perhaps  we  may 
say  that  some  additional  knowledge  was  gained  as  to  its  telescopic 
structure  and  its  absolute  light,  while  the  polariscopic  evidence 
was  contradictory. 

In  the  light  of  our  latest  knowledge,  what,  then,  is  the  corona  ? 
We  do  not  know.  We  have  literally  had  but  about  twenty  minutes 
in  the  last  twenty  years  to  look  at  it,  and  from  that  brief  study  it 
remains  every  way  problematical.  The  extent  of  this  vast  solar 
appendage  is  unknown,  it«  constitution  is  unknown,  its  function 
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is  unknown,  and  it  is  still  uncertain  whether  we  can  devise  any 
means  for  its  studj  which  will  free  us  from  this  dependence  upon 
mometarj  glimpses.  Our  only  hope,  since  the  most  powerful 
telescope  is  useless  in  our  lower  atmosphere,  seems  to  be  to  trans- 
port our  observatory  to  some  mountain-height,  like  that  of  Etna 
or  the  elevated  tablelands  of  Colorado.  There,  even,  we  cannot 
be  sure  of  seeing  it  without  an  eclipse ;  but  there,  if  anywhere, 
ingenuity  will  be  hopefully  employed  in  an  iendeavour  to  remove 
the  difficulties  which  bar  the  way.  After  spending  some  weeks 
this  year  myself  upon  Mount  Etna,  on  which  the  new  solar  obser- 
vatory is  to  be  built,  I  can  testify  to  the  excellence  of  such  a 
stiition ;  and  yet,  when  we  have  sites  equally  good,  I  cannot  but 
regret  that  it  should  be  left  to  others  to  first  enter  such  a  pro- 
mising field.  8.  P.  liANGLEr. 
[To  be  continued.] 


7%e  Lunar  Crater  ''  Peirce  A.*' 

Feibcb  a  is,  it  need  barely  be  stated,  the  most  northern  and 
smallest  of  three  craters  situate  in  the  western  part  of  the  Mare 
Crisinm.  During  the  half  lunation  that  it  is  visible  it  undergoes 
some  singular  changes,  which  are  recorded  below.  The  following 
history  is  gathered  from  a  series  of  84  observations  by  various 
observers,  either  forwarded  to  the  writer  or  published  in  the  pages 
of  the  *  Astronomical  Register.'  Here  is  the  analysis  of  the  ob- 
servations by  the  different  observers: — Birt,  7  (1873  to  1877); 
Dennett,  60  (1877  to  1880) ;  Gray,  6  (1879)  J  Harding,  8(1879- 
80);  Eichards,  2  (1879);  and  Sadler,  i  (1877).  Besides  this,  one 
photograph  by  Eutherfurd  has  been  examined.  It  is  purposed 
first  to  give  a  brief  monthly  history  of  the  crater  and  then  say  a 
few  words  respecting  discordant  observations. 

As  the  Sun  rises  on  Peirce  A  it  is  evidently  a  crater  with  walls  of 
DO  very  considerable  external  elevation,  and  of  a  somewhat  dark 
character.  As  the  Sun  rises  over  Cassini,  faint  traces  of  a  bright 
ring  about  the  size  of  Picard  are  to  be  seen  round  about  Peirce  A, 
the  southern  wall  of  which  touches  the  southern  border  of  this 
ring.  The  northern  wall  is  near  the  middle  of  the  ring.  North,  a 
little  east  of  Peirce  A,  near  the  edge  of  the  ring  there  is  a  brightish 
spot  visible.  The  interior  of  this  ring  becomes  darker  than  the 
surrounding  mare^  but  whether  the  darkening  takes  place  before  or 
after  the  appearance  of  the  ring  none  of  the  observations  made 
show.  The  shadow  does  not  entirely  leave  the  interior  of  Peirce 
A  until  the  terminator  has  passed  over  Timocbaris,  by  which  time 
the  ring  has  fully  formed  round  the  crater,  whose  western  and 
southern  walls  have  totally  disappeared.  The  northern  wall 
remains  visible  as  a  tiny  bright  spot  just  E.  of  the  centre  of  the 
ring,  and  the  eastern  wall  may  be  traced  as  a  faint  luminous 
ridge,  looking  more  like  a   continuation  of  the  Proclus   light- 
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streak  VIII.  (which  extends  from  a  spot  close  S.W.  of  Pro- 
dus  to  the  S.E.  wall  of  Peirce  A)  than  any  thing  else.  From  this 
time  for  some  1 8  or  20  hours  the  part  of  the  crater  wall  visible  is 
very  pale,  and,  with  small  instruments  or  an  unsteady  atmosphere, 
is  very  apt  to  be  overlooked. 

It  is  at  this  time  very  similar  to  the  bright  spot  N.  of  it,  but 
quickly  brightens  above  it.  Sometimes  the  darkest  phase  does  not 
occur  until  the  terminator  has  arrived  nearly  at  HeracHdes.  But 
occasionally  the  crater  pales  again  when  the  terminator  passes 
Ghblileo,  and  remains  dull  until  it  reaches  Eiccioli.  After  this  it  is 
usually  brighter  until  the  terminator  reaches  Messala,  when  it  be- 
comes visible  as  a  crater.  As  the  8un  begins  to  set  on  Hahn's 
western  wall  the  bright  ring  gets  very  pale,  and  entirely  disappears 
as  the  terminator  reaches  the  western  part  of  the  floor  of  the  Mare 
Crisium.  Peirce  A  remains  a  distinct  shadow-throwing  crater 
until  it  is  lost  in  the  darkness  which  gradually  covers  the  Mare. 
When  the  dark  border  disappears  none  of  the  observations  deter- 
mine, but  it  is  still  visible  as  the  terminator  reaches  Hansen's  W. 
waU.  But  to  render  the  history  as  comprehensive  and  ludd  aa 
possible  the  following  table  of  phenomena  is  reduced  to  the  mean 
age  at  mean  libration : — 

Phdnomenft. 

Peirce  A  on  morning  terminator. 

Bright  ring  appears  round  it. 

Shadow  finally  leaves  Peirce  A,  the  S.  and  W.  walls 
disappear,  and  the  E.  wall  fades. 

The  N.  waU  usually  brightens,  though  it  sometimes 
remains  dull  until  9^*  7**. 

The  N.  wall  frequently  becomes  dull  again. 

Again  brightens. 

The  bright  ring  begins  to  fade. 

The  bright  ring  disappears. 

Peirce  A  assumes  the  character  of  a  crater*. 

Passes  over  the  evening  terminator. 
Some  observers  have  occasionally  missed  the  crater  altogether, 
but  from  a  careful  consideration  of  the  observations  it  seems  pro- 
bable that  the  apparent  disappearance  was  entirely  due  to  small 
apertures  or  unsteady  atmosphere.  Once  Harding  wrote  that  he 
could  not  see  it,  but  he  unfortunately  omits  the  time  of  his  observa-  . 
tion.  On  consulting  Dennett's  observation  book,  from  9^  30"  to 
9^  45"  on  the  same  evening,  1879,  ^^t-  25**,  we  find  "Peirce  A  very 
small,  but  somewhat  lucid.  Two  similar,  but  perhaps  less  lucid, 
spots  in  a  line  N.  of  the  crater."  Mention  is  made  that  the  definition 
was  rather  fluttery.  Harding  employed  a  3-in.  Wray,  Dennett  a 
5|-in.  Calver  telescope,  both  of  excellent  quality.  Again,  1879, 
Oct.  26^  9**,  Harding  writes  that  he  can  make  it  out  "only  by 

*  This  phase  is  apparently  giyen  too  late  by  about  1',  according  to  a  later 
observation  by  Pennett 
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careful  lo<*ing  to-night After  another  careful  look  I  am  bj 

no  means  sure  that  I  can  see  Peirce  A."  On  the  same  evening, 
lo"*  iS"  to  II^  Dennett  writes,  "Peirce  A  is  brghter  to-nigh<^ 
and,  though  small,  is  verr  distinct.  It  is  decidedly  brighter  now 
than  the  objects  N.  of  it.  But  there  are  a  few  other  observations 
not  so  easily  disposed  of.  1879,  May  29^  10^  30"  (Moon's  age 
S^  16**  40"),  Gray  found  Peirce  A  obscured  by  one  of  the  Produs 
light-streaks,  and  the  dark  aureole  absent.  Harding  and  Dennett 
(at  8*"  23"  and  9**  25"  respectively)  both  observed  the  streaks  on 
this  evening,  but  neither  mention  Peirce  A,  though  the  latter  would 
have  mentioned  it  had  he  missed  it ;  on  the  other  hand  he  records 
"  Vin.  as  usual,"  *.  e,  running  up  to  Peirce  A.  1879,  June  28* 
lo**  (Moon's  age  9*  i**  50""),  Mr.  Gray  again  saw  the  crater  obscured 
by  a  curve  in  a  light-streak.  An  hour  previously  Dennett  ob- 
served the  neighbourhood,  but  made  no  note  respecting  Peirce  A, 
and  says  the  light-streak  was  as  usual.  Again,  1879,  March  8^9"^ 
40"  (Moon's  age  15**  17**  37"),  Rev.  W.  J.  B.  Eichards  says  "  Peirce 
A  is  quite  gone.  A  i*ay  from  Proclus  passes  between  it  and  Peiroe. 
The  ray  seems  brighter  and  denser  on  the  8.  side,  and  Peirce  A  is 
just  caught  and  hidden  by  the  lighter  northern  side  of  it."  50 
minutes  later  Dennett  observed  the  district,  but  makes  no  mention 
of  missing  the  crater.  These  obscurations  seem  very  singular, 
and  it  is  necessary  to-  have,  if  possible,  confirmatory  observations. 
Until  these  are  made  some  doubt  must  hang  over  the  observations 
as  to  whether  the  N.  wall  of  Peirce  A  was  not  mistaken  for  the 
bright  spot  lying  N.  of  it.  But  the  ground  within  the  luminous 
ring  appears  to  be  not  always  especially  dark.  Gray  missed  it  1879, 
May  29**  lo**  30™. ,  Dennett  found  it  not  darker  than  the  Mare, 
1880,  Jan.  2i<»  10^  25°*  (Moon's  age  9^  23J  45").  The  ring  round 
the  crater  is  likewise  subject  to  change,  afl  sides  not  being  always 
equally  visible,  according  to  the  observations  of  Gray  and  Dennett. 
What  is  this  ring  ?    It  does  not  appear  to  be  a  bank,  we  think. 

P.  C.  Dbnihett. 


DoiUfle  Stars  for  August, 

The  most  important  pairs  have  already  been  given,  see  *  Obser- 
vatory,' No.  28,  Vol.  iii.  p.  114. 

The  places  for  1880  of  the  stars  of  which  some  account  is  given 
belgw  are  as  follows  : — 

B.  A.  Dec. 

c^tiyrflB 18     40-4         +39  ^^ 

a'Capricomi,.   20     ii'4         —12  547 

The  group  of  c'  Lyrce, 

As  this  interesting  group  of  stars  is  now  well  placed  fop  obser- 
vation, and  as  it  has  long  been  a  favourite  test-group  for  the  small 
telescopes  of  amateur  astronomers,  the  following  historical  sum- 
mary will  probably  be  read  with  interest  by  many.   This  system  (?) 
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may  be  described  as  consisting  of  the  two  binaries  €*,  c*  (the  two 
constituting  the  e  LyrsB  of  Bayer),  the  famous  debilissima  pair,  at 
least  two  stars  following,  and  at  least  two  pairs  preceding  that 
delicate  object. 

As  is  well  known,  e*  and  c',  as  double  stars,  were  discovered  by 
by  H,.  He  thus  described  the  pairs  in  1779  : — **  5  and  6,  e  Lyra, 
il.  4  and  5.  A  very  curious  double  star.  At  first  sight  it  appears 
double  at  some  considerable  distance ;  and  by  attending  a  little,  we 
see  that  each  of  the  stars  is  a  veir  delicate  double  star."  Since 
H|'s  observations,  e^  has  decreased  about  16^  in  angle,  and  e* 
about  30°. 

The  9|-magnitude  star  following,  and  the  delicate  pair  (called 
the  debilissima  by  11,)  between  e^  and  e",  were  also  discovered  by 
Hj.  In  his  MSS.  *  Sir  William  has  the  following  note,  accom- 
panied by  a  diagram  showing  the  above-named  '*  double-double," 
the  9^magnitude  star,  and  the  debilissima  pair: — "Nov.  29,  1782. 
Inter  e  and  e  Lyr®  (Mayer's  e)  the  20  ft.  [reflector,  aperture  about 
18  inches]  shows  me  two  small  stars  I  have  never  before  taken 
notice  of  with  the  7  ft.  [reflector,  aperture  6  inches].  That  which 
is  below  [the  9th  mag.  star  following]  I  have  often  noticed."  Hj 
appears  not  to  have  seen  any  of  the  other  minute  stars  in  this 
group  preceding  the  faint  pair. 

In  1823  H,  and  So  examined  this  region,  apparently  without 
being  aware  that  H  had  seen  three  stars  between  e*  and  «^.  They 
used  the  20  ft.,  10  rt.,  7  ft.  reflectors  (apertures  18  in.,  9  in.,  6  in. 
respectively),  and  the  5  in.  and  3*8  in.  refractors.  All  the  smaller 
instruments  failed  to  show  the  faint  pair ;  but  the  20  ft.  enabled 
the  observers  to  see  "  a  double  star,  whose  distance  is  one  fourth 
that  of  €  from  5  (t.  e,  53"),  in  the  middle  between  them."  All  the 
instruments  showed  "a  small  star  of  about  the  loth  magnitude 
precedingt  them  both,  and  making  an  isosceles  triangle  of  about 
100°  at  the  vertex  with  c  and  5"  (Phil.  Trans.  1824,  pt.  2, 
p.  313).  This  pair  of  small  stars  H^  calls  "  Debilissima  inter  4  (c) 
et  5  Lyrae." 

Dawes  observed  these  stars  in  1829, 1830, 1833,  and  later.  His 
diagram  in  the  'Astronomical  Eegister*  for  1864  shows  e^  €*,  the 
debilissima  pair,  a  star  following,  and  two  pairs  preceding. 

Lamont  J,  in  1837,  made  measures  of  the  position-angles  of  the 
stars  he  saw  in  this  group ;  his  diagram  shows  c^  e^,  the  debilis- 
sima pair,  the  pair  of  very  faint  stars  just  preceding  it,  another 
faint  star  still  more  west,  and  the  conspicuous  i)\  magnitude  to  the 
east  of  the  line  joining  <^  and  €^. 

More  recently  Webb,  Cooper,  Key,  Grover,  Prince,  Holden, 
Godfrey,  Squire  Sadler,  and  others  have  seen  all  the  above  objects, 
and  probably  some  other  very  faint  stars  to  the  west  of  the  line 
through  e^  and  e'  (see  '  Astronomical  Eegister'  for  1864,  187 1, 
1872,  Ac.). 

*  Mr.  Sadler  pointed  out  this  note  to  me. 
t  This  should  be  following^  not  preceding. 

X  *  Obserratdones  astronomioa  in  speouU  BegiA  Monacbiensi,'  &o.,  1843. 

2n2 
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Lassell  in  1856  detecl^  a  very  small  star  about  25"  north  of 
G.  Dawes  saw  one  preceding  this  last  object,  and  Ward  and 
Sadler  in  1876  detected  a  faint  star  following  F.  The  order  of 
brightness  is  probably  as  follows: — ^E;  F;  Q-;  Dawes's  star; 
Lamonfs  most  western  star;  Lamont's  two  other  stars;  War^ 
and  Sadler's  star ;  Lassell's  star. 

Magnitudes. — Bepresenting  e*  by  the  letters  A  B,  €*  by  C  D, 
the  debiliasima  by  F  Q-  (F  being  the  preceding  star),  the  ()\  mag- 
nitude star  to  the  east  by  E,  and  Burnham's  by  H,  the  magnitudes 
run  as  follows : — A  4-6,  B  6-^^  C  49,  D  5-2,  E  9-5,  F*  10*5, 
G*  10-5. 

Variability, — Struve  suspected  C  D  (e*)  of  variability  (*  Mens. 
Micrometricffi,'  p.  52).  Several  amateur  observers  have  thought 
they  had  traced  decided  change  of  relative  brightness  in  F  and  Qt ; 
neither  Mr.  Sadler's  observations  nor  those  made  here,  however, 
confirm  this  opinion. 

The  system  (?)  of  a*,  c?  Caprieomi. 

Although  it  cannot  yet  perhaps  be  said  that  these  two  stars  are 
animated  by  a  common  proper  motion,  the  facts  that  each  has 
minute  companions,  that  some  of  these  faint  objects  form  very  fine 
tests  for  telescopes  of  large  aperture,  and  that  a\  a^  constitute  a 
double  star  to  the  naked  eye,  combine  to  make  them  a  very  inter- 
esting object.  Flammarion  has  examined  several  eastern  and  other 
ancient  catalogues,  but  without  finding  any  record  of  this  object 
as  a  double  star.  It  appears  as  such  for  the  first  time  in  the 
Catalogue  of  Hevelius. 


o^ 

If  we  call  the  minute  stars  a^  and  b^,  we  have 

a^a»            225°            30"             1827  + 
a}b^             200               30  ±            1878 

Bu. 

6*  was  detected  by  Mr.  Bumham. 

For  the  distance  and  angle  of  the  principal  stars  we  have  the 
following : — 

a^a*  290°-6         31^"'S         1876  Schur. 

Magnitudes:  a*  4,  0*9*5.      Colours:   a'  yellow,  a*   lilac  tinge 
(Smyth). 

a\ 

Calling  the  small  stars  a\  b\  c,  we  have 

a^a^         i5o°-2         7"-4i  1878  Bu. 

Other  measures  are : — 

i5o°±         8''  1826+  H,. 

134-8  6  1829+  „ 

141-2  6  i83i±  „ 

*  Flammarion,  12,  11;  H,  and  So,  13,  13. 
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Holden. 

4-6 

Newcomb. 

5*7 

Hall. 

6-7 

» 

8-5 

Bu, 
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i4S°-o  5"  1838  Sm. 

144-1  6  -36       1846  Mitchel. 

146  '2  . .  1874  Holden. 

In  1862  the  small  companion  a^  was  found  to  be  a  double  star 
by  Mr.  A.  G.  Clark  with  the  i8^-in.  refractor  now  at  the  Dearborn 
Observatory.  Prof.  Young  in  Colorado,  at  an  elevation  of  8000 
feet,  could  see  it  double  with  a  9*4-in.  refractor.  Mr.  Bumham 
gives  the  following  measiures : — 

a»6»        S7°'6  i"72 

58  -6  I  -24 

65  -2  I  -14 
63-2 

61  '2  I  '06 

Smyth  records  a  distant  small  star,  c  i— 

a»c       i55°7  i98"-o  18387         Sm. 

Magnit%ides, — ^For  a}  and  a*  Smyth  gives  4,  9.  Mr.  Bumham's 
6*  is  no  doubt  a  very  faint  object.  For  a^  a*  Smyth  has  3,  16. 
Sir  John  Herschel,  who  discovered  a^  has  these  remarks  on  it : — 
"  The  small  star  is  brighter  than  the  i8th  mag. ;"  '*  a  very  beau- 
tiful and  delicate  object ;"  "  the  latter  [a*,  a*]  is  one  of  the  most 
beautiful  aud  delicate  objects  in  the  heavens."  And  Mr.  Bum- 
ham  says,  "  Under  favourable  conditions  a  6-inch  refractor  will 
show  it  fairly." 

Joseph  Glei)hii.l. 

Mr.  Edward  0088167*8  Observatory, 
Bermerside,  Halifax* 


Meteor  Notes  for  August  *. 

With  favourable  weather  the  ensuing  return  of  the  Perseids  may 
be  well  observed,  for  the  Moon,  being  only  a  few  days  past  con*- 
junction,  will  be  invisible  throughout  the  night.  It  is  essential  to 
record  the  horary  number  of  meteors  on  the  loth,  so  that  the  visible 
intensity  of  the  shower  may  be  compared  with  its  former  appari- 
tions. We  have  already  accumulated  a  large  number  of  determina- 
tions of  the  radiant-point;  but  they  are  not  all  satisfactory,  so  that 
its  exact  position  cannot  be  said  to  have  been  definitely  ascertained 
within  very  small  limits  of  error.  Some  observers  ascribe  a  diffuse 
radiant  region,  extending  from  ^  Persei  to  the  stars  B-C  Camelo- 
pardi  [Bode],  while  others  have  centred  the  shower  further  south 
near  y  and  a  Persei ;  and  it  is  difficult  to  explain  the  differences 
unless  we  assume  that  the  shower  consists  of  a  group  of  concentric 
streams  intersecting  the  earth  at  nearly  the  same  pomts.    In  1879 

*  See  *  Obflcrvatory/  Vol.  i.  p.  125,  Vol.  li.  pp.  131,  132,   and  Vol.  iii. 
pp.  ii6»  1 17,  for  further  notes  on  August  showers. 
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the  radiants,  as  independently  fixed  by  seyeral  observers,  agreed 
•with  unusual  precision  *,  and  would  appear  to  show  that,  when 
resting  upon  a  number  of  foreshortened  paths,  appearing  within 
a  few  degrees  of  the  centre,  it  is  capable  of  being  found  with  con- 
siderable accuracy. 

Meteors  from  Perseus  are  also  numerous  on  the  nights  of  Aug. 
1-3.  They  belong  to  a  well-defined  shower,  slightly  below  x  Persei 
(at  32°  -f  53°).  During  the  first  half  of  the  month,  radiants  should 
be  looked  for  at  31°  -f  18°,  44°  +25°,  70°  +65°,  and  on  the  2i8t- 
25th  a  shower  of  Draconid8(298°  +60°)  was  well  observed  in  1879. 
But  it  is  impossible  to  enumerate  more  than  a  small  minority  of 
the  numerous  showers  of  the  August  period  proceeding  from  the 
constellations  of  Pegasus,  Lacerta,  Cassiopeia,  Andromeda,  Perseus, 
Auriga,  &c.  &c. 

Large  meteors  should  be  expected  on  the  3rd,  sth,  7Ui-i3th, 
15th,  and  i9th-22nd. 

Recent  Observations, — The  Eev.  S.  J.  Johnson,  of  Mitch eldean, 
Gloucestershire,  writes  that  a  meteor  of  great  brilliancy  was  ob- 
served there  at  1 1**  511^"  on  July  i.  **  It  was  of  a  red  colour,  sur- 
passing any  planet  at  maximum.  Course  from  a  point  one  third 
of  the  distance  from  X  Bootis  to  Cor  Caroli ;  it  shot  towards  the 
latter  star.  Another  meteor  was  seen  on  June  12  at  1 1**  43"  =  If. , 
travelling  in  a  straight  line  between  y  Draconis  and  I  Cygni.  Began 
6°  from  the  former  star,  ending  3°  from  the  latter." 

A  large  fireball,  emitting  a  light  equal  to  that  of  the  Moon  when 
nearly  full,  was  seen  by  Prof.  B.  W.  Claypole,  of  Antioch  College, 
Ohio,  U.S;,  on  June  10,  9**  10".  "It  followed  a  path  almost 
directly  from  ri  Urs©  Majoris  (Benetnasch)  between  y  and  Xi  about 
midway,  and  disappeared  behind  a  cloud  on  its  way  to  the  W.N.  W. 
point  of  the  horizon.  It  was  visible  about  two  seconds,  and  left 
no  sparks  behind."  The  radiant-point  cannot  be  definitely  fixed 
from  this  isolated  description,  though  it  evidently  lies  between 
Hercules  and  Sagittarius.  This  fine  meteor  may  have  belonged  to 
a  shower  near  ly  Serpentis,  which  the  writer  deduced  from  the 
Italian  observations  on  June  10-13,  1872,  at  273°  —3°.  It  pre- 
sents a.  close  agreement  with  Comet  III.  16 18,  having  a  radiant  at 
'2  73^*5  +o°*5,  June  10,  with  which  Schmidt's  showers  at  282°  —3*^ 
and  266°  —  12°  for  June  may  also  be  associated. 

A  fireball,  estimated  =  half  moon,  was  seen  in  daylight  on  July 
9  at  8**  20"*  Hh  P.M.,  by  the  Eev.  Lloyd  Jones,  i  mile  E.  of  Greenwich 
Observatory.  Colour  very  bright  light  blue ;  it  had  a  long  sti'eaming 
tail  or  train  of  ruddy  sparks.  Motion  slow  and  stately  ;  duration 
quite  5  seconds,  but  may  have  been  10  seconds.  Path  from  left  to 
right  inclined  10^  to  horizon.   The  point  of  disappearance,  referred 

*  The  obseryationB  here  referred  to  were  as  follows : — 

Tupman    45  ° +56°     I     Oorder 45  ** +57 


Sawjer 44^    +57       |     CJomish  47^    +57^ 

Denning ;..  46°  +58*^, 

giving  a  mean  position  at  45*''5  +57°*i  for  the  shower  of  1879. 
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to  trees  some  200  yards  distant,  was  afterwards  found  to  be  due 
east  at  altitude  9+1°.  The  same  evening,  at  about  9**  15",  a 
"  most  remarkable  meteor "  was  observed  by  Mr.  B.  Dowson,  of 
Upper  Broughton,  Notts.  Its  track  was  &*st  noticed  25*^  above 
the  horizon,  and  as  nearly  as  possible  N.E.,  or  from  that  to  E.N.B. 
The  course  was  southerly,  and  tended  slowly  downwards,  the  meteor 
finaUy  disappearing  at  a  point  due  east,  and  10°  above  horizon. 
The  stars  were  scarcely  visible  to  the  naked  eye  at  this  time ;  but 
the  spot  where  the  track  was  first  observed  was  noted  to  be  nearly 
on  a  line  drawn  from  a  Lyr®  to  a  Cygni.  The  peculiar  character- 
istics of  the  display  were  the  slowness  of  motion  and  the  length  of 
time  the  meteor  remained  visible.  *' As  it  passed  through  the  air  it 
underwent  several  changes,  and  twice  seemed  to  hesitate,  and  on 
each  occasion  something  like  an  explosion  or  discharge  of  fiery 
matter  appeared  to  take  place.  I  estimate  that  it  remained  visible 
for  at  least  1 5  seconds."  These  descriptions  must  refer  to  separate 
objects,  as  there  is  nearly  an  hour's  difference  of  time;  but,  curiously 
enough,  the  points  of  disappearance  are  absolutely  identical,  and 
the  direction  and  duration  of  flight  agree  very  closely. 

Later  the  same  night,  at  9**  46™  G.M.T.,  a  bright  meteor,  =  Arc- 
turus,  was  noted  by  Mr.  Christie  at  G-reen\*'ich,  with  a  path  from 
195°  +  3°  ^o  208°  —  7°  (from  near  I  Virginis  nearly  to  k  Virginis). 
Slow  ;  duration  2  or  3  seconds.  This  meteor  was  observed  by  Mr. 
C.  A.  Bowdler,  Lambeth  Boad,  London,  and  described  by  him  in 
the*  English  Mechanic '  (July  16,  p.  447).  "On  July  9,  at  a 
quarter  to  10, 1  observed  a  very  beautiful  meteor  pass  slowly  from 
west  to  east  in  a  horizontal  direction  for  about  1 2°  or  1 5°,  crossing 
the  equator  at  200°  B.A.  near  the  star  I  Virginis.  It  had  a  bright 
nucleus,  and  long  streaky  tail,  tapering  to  the  end,  and  lasted  four 
or  five  seconds."  The  meteor  was  also  seen  at  Great  Yarmouth  and 
March  (Cambs.).  W.  F.  Denning. 


CORRESPONDENCE. 

To  the  Editor  of '  The  OhservcUory/ 

On  a  Phenomenon  shown  in  a  Photograph  of  the  Spectrum 
of  Jupiter. 

Sib,— 

At  a  late  Meeting  of  the  R.A.S.  I  made  some  remarks  re- 
garding Professor  Draper's  photograph  of  the  spectrum  of  Jupiter 
which  were  not  quite  explicit  enough,  it  seems  to  me,  in  reading 
them  over.  I  should  like  to  point  out  how  the  phenomenon  (viz., 
intensity  of  image  in  the  middle  of  the  spectrum  about  G,  and  a 
bifurcation  in  the  violet  and  ultra-violet)  can  be  readily  accounted 
for. 
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If  an  image  of  the  Sun  be  thrown  on  the  top  put  of  the  slit,  so 
that  the  limb  is  a  little  below  the  centre,  and  a  photograph  be  taken, 
it  will  be  found  that  instead  of  haying  a  sharp  edge  corresponding 
to  the  limb,  the  spectrum  will  gradually  narrow  towards  the  ultra- 
violet, the  top  of  the  slit,  however,  giving  a  defined  boundary.  If 
the  image  of  the  Sun  during  exposure  be  caused  to  move  down- 
wards, so  that  the  opposite  limb  is  a  little  above  the  centre,  the 
photograph  will  show  precisely  the  phenomenon  that  Professor 
Draper's  Jupiter-spectrum  shows.  The  reason  of  this  thinning  off 
in  the  solar-spectrum  photograph  I  will  not  explain,  as  it  is  evi- 
dently due  to  the  difference  in  absorption  of  the  limb  and  the  centre ; 
and  the  same,  we  may  reasonably  believe,  holds  good  when  the  image 
of  Jupiter  takes  the  place  of  that  of  the  Sun. 

1  am  Sir,  yours  faithfully, 

W.  DB  W.  Abnet. 


Southern  Double  Stars, 

Sir,— 

Among  the  double  stars  observed  by  Sir  J.  Herschel  at  the 
Cape  of  Good  Hope,  there  are  some  on  which  he  makes  special  re- 
marks at  the  end  of  his  Catalogue.  Of  four  of  these  particular 
stars  I  have  recently  made  the  following  measures  of  position  and 
distance  by  means  of  an  excellent  position-micrometer  on  my  4^- 
inch  equatoreal.  In  each  case  the  brighter  star  was  employed  as 
the  reference  star ;  and  the  ansle  of  position  is  to  be  understood 
as  reckoned  from  north  in  the  order  north,  following,  south,  preceding. 
In  the  case  of  p  Eridani  it  was  difficult  to  decide  which  was  the 
brighter  star ;  but  I  have  given  the  eastern  or  following  one  the 
preference. 


Star. 

Mags. 

Epoch. 

Pos.- 
Angle. 

Dirt. 

No.  of 
Measures. 

XTuoansB  

7,8 
6,6 

3,8 
1,3 

1880-205 
f  i88o-i86 
\  1880-189 

1880*293 

r  1880-186 
1 1880-351 

0 

79-1 
231-9 

a33-3 
125-4 
186-7 
1864 

20-50 

623 
494 

4*97 
5-31 

4 
10 

7 

1 

10 

pBridaDi  

V  Argdis 

a  Oentauri 

It  appears  that  my  measures  of  X  Tucanse  and  v  Argfis  agree 
pretty  well  with  those  of  Sir  J.  Herschel ;  both  the  angle  of  posi- 
tion and  the  distance  of  p  Eridani  have,  however,  greatly  changed 
since  his  measures  were  taken.  *  Nature,'  of  December  28th,  1876, 
draws  attention  to  this  star,  and  recommends  its  observation  by 
some  southern  astronomer.  If  no  other  recent  observation  has 
been  recorded,  the  result  above  given  will  be  interesting.     The  star 
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was  employed  by  me  in  comparisons  of  the  great  southern  comet  I. 
1865,  on  March  16, 17,  and  18  of  that  year.  In  conclusion,  it  will 
be  seen  that  the  companion  of  a  Centauri  has  now  passed  the 
meridian  of  the  principal  star,  in  accordance  with  the  prediction  of 
Dr.  Doberck  in  No.  2245  of  the  'Astronomische  Nachrichten.' 

I  am,  Sir,  yours  faithfully, 
Obeerratoiy,  JOHN  TbbbUTT. 

Windsor,  N.  S.  Wales, 
1880,  May  II. 


NOTES. 

Annals  op  Haevaed  Colleoe  Obseevatoet. — In  No.  36, 
P«  387,  we  noticed  the  Photometric  Observations  contained  in  Vol. 
xi.  part  I.  These  consisted  for  the  most  part  of  measures  of  the 
light  of  stars  ;  in  Part  ii.,  to  which  we  now  turn,  the  determinations 
of  the  brightness  of  the  various  satellites  are  given.  In  these  re- 
searches Prof.  Pickering  had  great  diificulties  to  overcome  on  ac- 
count of  the  extreme  faintness  of  some  of  the  objects  whose  light 
was  to  be  measured ;  the  results,  however,  are  of  special  interest, 
as  affording  some  idea  of  the  real  size  of  these  minute  members  of 
the  solar  system.  Prof.  Pickering's  attention  was  first  directed 
to  the  newly  discovered  satellites  of  Mars,  and  he  di vised  various 
new  forms  of  photometer  for  the  examination  of  these  faint  objects. 
These  photometers  are  all  described  in  Part  i,,  and  the  first  two 
chapters  of  Part  ii.  (Chap.  v.  and  vi.)  are  devoted  to  determina- 
tions of  their  constants,  determinations  made  with  great  care  and 
by  various  methods.  The  results  obtained  for  the  satellites  of 
Mars  in  1877  and  in  1879  are  given  in  Chap.  vii.  and  in  an  appen- 
dix respectively.  The  problem  was  one  of  great  difficulty,  invol- 
ving the  measurement  of  a  photometric  interval  as  great  as  that 
between  the  Sun  and  the  Moon,  the  planet  Mars  being  several  hun- 
dred thousand  times  as  bright  as  his  satellites.  As  a  direct  com- 
parison was  impossible,  the  light  of  the  satellite  was  compared 
with  that  received  from  a  smidl  portion  of  Mars  through  a  small 
hole  I- 1 00th  of  a  millimetre  in  diameter,  ».  e.  i-iooth  of  the  dia- 
meter of  Mars,  or  about  40  miles,  the  diameter  of  Mars  in  the  tele- 
scope being  one  millimetre.  Much  difficulty  was  experienced  in 
making  such  a  hole,  and  it  was  only  after  various  attempts,  de- 
scribed in  Appendix  B,  that  Prof.  Pickering  succeeded  in  boring 
suitable  holes  in  a  piece  of  platinum  foil  gummed  on  a  glass  plate. 

The  light  of  Mars  seen  through  the  smallest  hole  that  could  be 
made  was,  after  all,  much  greater  than  that  of  the  satellite,  which 
must  therefore,  if  its  albedo  or  reflecting  power  is  about  the  same  as 
that  of  Mars,  have  a  diameter  much  less  than  forty  miles. 

The  following  are  the  results  of  comparisons  with  Mars,  as  well 
as  with  Saturn  and  certain  faint  stars  near  which  the  satellites 
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Mar8=667,oooxPhobo8  in  1877 ;  Equiv.  diam.=5-57  miles. 
Mar8=879,oooxDeimosin  1877  ;         „       „      =  4*9 +  o-i  miles. 
Mar8  =  550,000  xDeimos  in  1879;         „       „     =6-i  jo-i  miles. 
Mars=46i,oooxDeimo8  foil.  Mars  ;  Eqiriv.  diam.=6-7  miles. 
Mar8s=673,ooo  x  Deimos  prec.  Mars ;  Equiv.  diam.=5'5  miles. 

The  equivalent  diameter  of  the  satellite  is  calculated  on  the  as- 
sumption that  its  albedo  is  the  same  as  that  of  Mars. 

It  appears,  then,  from  Prof.  Pickeriug's  results  that  Deimos  was 
apparently  much  brighter  in  1879  ^^^^  in  1877,  and  that  it  was 
brighter  by  nearly  half  a  magnitude  on  the  f oUowing  side  than  on  the 
preceding  side  of  its  orbit.  In  support  of  this,  Prof.  Pickering 
points  out  that  there  is  a  large  preponderance  of  micrometer  ob- 
servations of  Deimos  on  the  following  side,  showing  that  the  satel- 
lite was  more  easily  seen  in  that  part  of  its  orbit.  The  micrometer 
measures  of  Phobos  were  nearly  equally  distributed  p  and  /.  No 
photometric  measures  were  made  of  this  satellite  in  1879.  The 
general  result  of  all  the  observations  is  that  Deimos  is  about  14*5 
magnitudes  (on  the  photometric  scale)  fainter  than  Mars,  and 
about  o'3  magnitude  fainter  than  Phobos,  the  equivalent  diameters 
of  the  two  satellites  being  about  7  and  6  miles  respectively,  corre- 
sponding to  o"*oio  and  o"*oo9  at  mean  distance.  That  is,  the  satel- 
lites are  fainter  than  an  area  of  the  surface  of  Mars  having  a  dia- 
meter of  o"*oi  at  distance  unity,  or  i-ioooth  part  of  the  diameter 
of  Mars.  Notwithstanding  the  minuteness  of  the  points  of  light 
compared,  a  difference  in  colour  was  detected  between  the  outer 
aatellite  and  Mars,  Deimos  appearing  to  be  blue,  whilst  the  artificial 
star  formed  by  Mars  was  noted  as  red. 

It  is  worthy  of  remark  that  Prof.  Pickering  found  a  certain 
amount  of  light  in  the  field  to  be  not  prejudicial  to  the  visibility  of 
the  satellites ;  and  he  remarks  that  it  is  possible  that  as  a  certain 
amount  of  light  is  required  to  affect  the  retina,  the  light  from  the 
field  added  to  that  of  the  satellite  may  prove  sufficient  to  render 
the  latter  visible.  The  effect  would  be  analogous  to  the  increased 
sensitiveness  of  a  photographic  plate  after  exposure  to  a  feeble 
source  of  light. 

The  observations  of  the  satellites  of  Jupiter  in  Chapter  viiL  are 
of  special  interest,  from  the  comparison  of  equivalent  diameters 
(photometrically  inferred)  and  the  diameters  as  actually  measured. 
The  following  are  the  results : — 

Satellite   I.  IT.  m.  IV. 

Light  ratio 1786  2032  1271  3597 

Eqivalent  diameter    ..   o''*873  o"-8i8  i"*o35  o"*6i5 

Measured  diameter    . .    i"-o8i  o"*9io  i"*537  i"'282 

Eeltttive  albedo 0*652  0-809  0*453        0*230 

The  first  line  gives  the  ratio  of  the  light  of  Jupiter  to  that  of 
each  of  the  satellites,  the  last  the  albedo  relative  to  Jupiter.  To 
obtain  the  absolute  albedo  for  each  satellite,  the  relative  albedo 
must  be  multiplied  by  the  albedo  of  Jupiter  (o*6io).    The  view 
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that  the  light  of  the  satellites  is  yariable  is  not  confirmed  by  Prof. 
Pickering's  observations. 

A  large  number  of  photometric  measures  of  the  eight  satellites 
of  Saturn  were  made  in  1877-8^  special  attention  being  devoted  to 
the  variations  of  light  of  lapetus,  which  were  found  to  extend 
from  40  to  140  (taking  the  mean  brightness  as  100).  The  follow- 
ing formula  was  found  to  represent  the  variations  of  light : — 

L=ioo— 50  sin  v-fio  cos  2v, 
where  L  is  the  light  of  the  satellite  at  any  longitude  v. 

On  this  formula  Prof.  Pickering  remarks,  "  The  absence  of  the 
term  c  cos  v  shows  that  if  the  variation  in  light  is  due  to  unequal 
brightness  of  the  two  hemispheres  of  lapetus,  one  half  of  each 
will  always  be  turned  towards  Saturn.  In  other  words,  it  would 
present  to  an  observer  at  the  north  pole  of  Saturn  the  appear- 
ance of  a  half  moon,  the  semicircle  to  the  right  being  about  four 
times  as  bright  as  that  to  the  left, 

"  Some  doubt  is  thrown  on  the  term  e  cos  2t;,  since  the  com- 
parisons with  Saturn  do  not  confirm  its  presence.  Since  the  value 
of  e  is  positive,  it  cannot  be  supposed  to  indicate  that  lapetus  is 
elongated  in  the  direction  of  Saturn,  although  a  slight  elongation 
of  this  kind  is  probably  implied  in  the  assumption  that  the  satel- 
lite turns  once  on  its  axis  during  each  of  its  revolutions.  An  elonga- 
tion sufficient  to  produce  this  effect  might  be  caused  by  the  attraction 
of  Saturn,  but  it  would  be  far  too  small  to  be  perceptible  photo- 
metrically. To  make  «=  + 10,  the  equatoreal  diameter  of  the  satel- 
lite turned  towards  Saturn  should  be  exceeded  by  that  at  right 
angles  to  it  in  the  ratio  of  9  to  1 1 ;  so  great  a  difference  does  not  seem 
probable.  The  term  e  cos  2t;  could  also  be  accounted  for  by  two  bright 
or  dark  spots  on  the  satellite.  A  dark  spot  on  one  side  cover- 
ing less  than  a  hemisphere  would  also  give  a  variation  in  light 
closely  resembling  that  given  by  the  formula.  The  most  natural 
explanation,  however,  is  that  the  dark  and  light  portions  are  ir- 
regularly distributed  on  lapetus,  like  the  land  and  water  on  oup 
Earth,  and  that  one  hemispnere  is,  on  the  whole,  much  darker  than 
the  other.  The  smaller  variations  may  be  assumed  to  be  such  that 
the  formula  given  above  represents  them  closely." 

The  following  are  the  equivalent  diameters  of  the  satellites  in 
miles  found  by  Prof.  Pickering: — Mimas  292+9  ;  Enceladns  370 
+  10;  Tethys  570  +  18;  Dione  542±i7;  Rhea  745±27;  Titan 
1406  +  52  ;  Hyperion  193  +  5;  Impetus,  mean  486+4,  max.  574, 
min,  307. 

Since  the  equivalent  diameters  are  measures  of  light  wid  not  of 
actual  size,  two  additional  numbers  have  been  given  corresponding 
to  the  maximum  and  minimum  brightness  of  lapetus. 

The  satellites  of  Uranus  and  Neptune  have  the  followingequivalent 
diameters  (in  miles)  : — Titania  586+16  ;  Oberon  544+15 ;  Satel- 
lite of  Neptune  2260+60.  The  large  equivalent  diameter  of  the 
satellite  of  Neptune  is  noteworthy,  and  Prof.  Pickering  remarks 
that  the  principal  causes  of  its  apparent  faintness  are  presumably 
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its  comparatiye  proximity  to  its  primary  and  its  great  distance  from 
the  Sun.  No  observations  were  obtained  of  the  two  inner  satellites 
of  Uranus,  owing  to  their  extreme  faintness. 

Determinations  are  also  given  of  the  equivalent  diameters  of 
some  of  the  minor  planets,  as  follows : — Pallas  167  miles  ;  Juno  94 
+  4;  Vesta  319  +  10;  Antiope  51  +  3;  Brunhild  20+3;  Eva  14 
J I ;  Menippe  1 2  ±  i. 

Though  these  equivalent  diameters  must  not  be  accepted  as 
actual  diameters,  they  doubtless  give  a  pretty  close  approximation 
to  the  size  of  the  smaller  members  of  the  solar  system,  even  allow- 
ing for  a  large  uncertainty  in  the  albedo.  It  would  seem  from  the 
Harvard  CoUege  determinations  that  some  of  the  smaller  asteroids 
are  at  any  rate  comparable  in  size  with  the  satellites  of  Mars,  and 
the  step  from  these  to  the  larger  meteorites  is  not  a  very  large 
one. 

The  volume  also  contains  photometric  measures  of  103  unequal 
double  stars  and  some  miscellaneous  results. 

Bearing  in  mind  the  great  care  that  has  been  taken  to  avoid 
systematic  errors  by  varying  the  methods  of  observation,  the  im- 
portance of  this  contribution  to  Celestial  Photometry  can  hardly  be 
overestimated,  and  we  heartily  congratulate  Prof.  Pickering  on  the 
outcome  of  his  energetic  direction  of  the  Harvard  College  Obser- 
vatory.   

Vaeiabilitt  of  a  Mikob  Planet*. — The  minor  planet  Frigga, 
No.  77,  was  discovered  by  Prof.  C.  H.  F.  Peters  in  1862,  and  after 
being  observed  at  the  next  opposition  in  1864,  was  lost  till  Prof. 
Tietjen  picked  it  up  again  in  1868.  Since  that  time  jt  was  sought 
in  vain  at  each  succeeding  opposition,  till  that  of  last  year,  when  it 
was  found  in  1879,  July  16,  not  very  far  from  its  calculated  place. 
The  circumstance  that  for  so  many  years  a  careful  search  was  made 
for  the  planet  without  its  being  detected,  leads  Prof.  Peters  to 
suspect  it  of  variability ;  and  this  suspicion  is  confirmed  by  his  es- 
timates of  its  magnitude  last  year  throughout  the  period  of  obser- 
vation (J^y  17  to  Oct.  4).  After  applying  corrections  to  the 
brightness  for  reduction  to  the  distance  at  mean  opposition  and 
for  atmospheric  absorption  as  depending  on  the  zenith-distance, 
it  appears  that  the  planet  was  a  whole  magnitude  brighter  before 
opposition  than  after,  having  diminished  continuously  from  July 
to  October. 

From  last  year's  observations  the  mean  opposition  magnitude 
would  be  1 0*89 ;  and  as  its  theoretical  brightness  would  have  been 
lo'i  and  IO-6  in  the  oppositions  of  187 1  and  1875,  it  could  hardly 
have  escaped  Prof.  Peters's  careful  search  vrith  the  help  of  a  chart 
showing  all  stars  down  to  the  13th  magnitude,  unless  the  planet 
had  greatly  diminished  in  brightness.  It  is  too  early  to  speculate 
as  to  the  causes  of  such  a  change  of  brightness,  for  the  fact  has 
first  to  be  established  beyond  doubt  -,  but  it  is  certain.  Prof.  Peters 

*  Astronomisohe  Nachriohten,  No.  i3i4« 
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obseryes,  that  the  length  of  the  period  of  the  fluctuation  does  not 
allow  of  our  connecting  it  with  rotation  of  the  planet. 


Eelation  between  CJoloxtes  ANDMAGiaTUDES  OP  Binary  Stabs  *. 
— ^Prof.  Holden  has  tabulated  the  magnitudes  and  colours  of  162 
stars  which  are  certainly  binary  according  to  a  list  furnished  by 
Mr.  Bumham,  and  finds  that  of  these  the  component-s  of  122 
binary  stars  of  the  same  colour  difEer  in  magnitude  on  the  aver- 
age only  o"-5,  whilst  those  of  40  of  different  colours  differ  2"'4. 
The  colours  and  magnitudes  are  for  the  most  part  taken  from 
M.  Struve's  estimations.  Prof.  Holden  quotes  a  conclusion  by 
Dr.  Huggins  and  Prof.  Miller  that  the  characteristic  colours  of  stars 
are  due  to  the  absorptive  action  of  their  atmospheres,  and  compares 
it  with  the  two  following  facts  :— (i)  The  colour  of  a  solid  body 
cooling  would  as  it  cooled  pass  through  the  shades  white^  yellow^ 
orange,  red,  but  not  through  green,  Uue,  or  purple.  (2)  We  do 
not  find  isolated  stars  of  decided  green,  blue,  or  purple  colours, 
A  few  such  have  been  recorded,  but  in  most  cases  erroneouslyt. 
In  general  such  stars  are  small,  and,  as  far  as  1  know,  invariably 
associated  with  larger  stars.  That  is,  the  isolated  stars  appear 
always  of  the  colours  which  would  arise  in  the  cooling  of  solid  or 
liquid  masses,  and  never  as  if  necessarily  surrounded  with  absorptive 
ateiospheres — i,  e.  never  decided  violet  or  purple. 

It  is  to  be  noted,  however,  that  we  require  more  certain  data  as 
to  the  colours  of  stars  before  Prof.  Holden's  facts  can  be  accepted 
as  indisputable.    Eye  estimations  are  notoriously  untrustworthy. 


Pbogbebs  op  Astbonomt  in  1879$. — Mr.  J.  L.  E.  Dreyer  has 
compiled  a  valuable  record  of  the  Progress  of  Astronomy  in  1879, 
in  which  he  sketches  the  principal  astronomical  events  of  the  year, 
giving  short  accounts  of  the  more  important  or  interesting  investi- 
gations which  have  been  published  during  that  period.  This  record 
is  in  continuation  of  that  which  was  written  for  the  year  1878  by 
Prof.  E.  S.  Holden,  for  the  *  Annual  Eecord  of  Science  and  In- 
dustry,' a  publication  which  has  been  discontinued.  In  future 
Nos.  we  propose  to  give  some  extracts  from  Mr.  Dreyer's  useful 
publication. 

The  Companion  op  SiEnr8§. — Prof.  Asaph  Hall  calls  attention 
to  the  investigations  of  the  variable  proper  motion  of  Sirius  by 
Bessel,  Peters,  Safford,  and  Auwers,  in  connection  with  the  com- 
panion discovered  by  Alvan  Clark,  and  points  out  that  though  the 
result  investigated  by  four  able  astronomers  is  entitled  to  great 

*  Amer.  Joum.  1880,  June. 

t  For  example  Admiral  Smyth  calls  a  Ljiw  a  "  green  "  etar.— B.  S.  H. 

SPpoc.  Boy.  Dublin  Soc.  1880. 
Amer.  Joum.  1880,  June. 
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Bed  Spot  on  Jupiter. 


[No.  40, 


weight,  there  are  some  things  whieh  throw  a  slight  degree  of  doubt 
on  the  identity  of  the  Clark  companion  with  Bessel's  disturbing 
body.  First,  the  relatively  great  mass  of  the  companion,  which, 
according  to  Auwers,  is  one  half  the  mass  of  Sirius  or  seven  times 
the  mass  of  the  Sun.  Unless,  therefore,  we  assume  a  special  con- 
stitution for  this  companion,  it  ought  to  shine  with  the  brilliuicy 
of  a  star  of  the  first  ma^itude,  while  in  fact  it  is  only  of  about 
the  ninth  magnitude.  Again,  the  micrometer  observations,  which 
extend  ever  i8  years,  or  more  than  one  third  of  the  period  of  the 
disturbing  body,  indicate  that  the  periodic  time  will  prove  to  be 
decidedly  greater  than  what  the  disturbed  motion  of  Sirius  calls 
for ;  and  Prof.  Hall  urges  astronomers  to  make  careful  observations 
of  this  interesting  object  for  a  few  more  years,  so  as  to  decide  the 
question  of  identity. 


Red  Spot  on  Jupiter. 

Db.  Lohse  *  has  lately  observed  three  transits  of  the  middle  of 
the  Bed  Spot  across  the  meridian,  bisecting  the  illuminated  disk  of 
Jupiter  as  follows  : — 1880,  June  20,  15*  aS*"*!  ;  July  2,  1511 16"-9; 
Julv  9,  i^**  3°*4,  Berlin  M.T.  (Berlin  is  53"  34"-9  E.  of  Green- 
wich). The  Bed  Spot  appears  to  have  scarcely  changed  since  last 
opposition ;  and  the  following  ephemeris,  based  on  Dr.  Lohse's  ob- 
servations, and  on  Mr.  H.  Pratt's  period,  9**  55"  33''9s=  9^*9261 
(daily  rotation  8  70°* 43),  will  indicate  the  transits  which  can  be  con- 
veniently observed  in  Europe  : — 

0,M,T.  of  Transits  of  Bed  Spot  across  Central  Meridian, 
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It  may  be  convenient  to  note  that  transits  on  any  given  day 
take  place  4*'*  15  earlier  and  5*'78  later  than  a  transit  on  the  pre- 
ceding day.  Hence  a  transit  convenient  for  observation  in  the 
United  States  will  occur  on  the  day  foUov^ing  any  one  of  those 
given  in  the  table  for  Greenwich  time,  and  o*'-64  earli^  by 
"Washington  time.  Thus  there  will  be  a  transit  on  Aug.  3  at 
14^*3  Washington  M.T.,  on  Aug.  4  at  io**'i,  on  Aug.  5  at  i5'*-9, 
&c.  It  may  ^so  be  noted  that  transits  recur  at  intervals  of  5  and 
7  days  at  nearly  the  same  hours  (o**-9o  earlier  and  0*^73  lifter 
respectively). 

*  ABtron.  Nachr.  No.  2315. 
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Astronomical  Memoranda,  1880^  August. 

Sim.  August  I,  sets 7**  46",  rises  16^  27" ;  August  16,  sets  7*"  19", 
rises  16**  51";  August  31,  sets  6^  47",  rises  17^  15". 

Equation  of  time: — Sun  after  Clock,  August  i,  6™  3';  August 
ii>  4"  55";  August  21,  2"  50*;  August  31,  o"  i". 
•  Sidereal  Time  at  Mean  Noon  : — August  i,  8**  4i™*9  ;  August  11, 
9»»  2i"*3 ;  August  21,  lo*"  o"7  ;  August  31,  lo*"  4o"'-2. 
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New  Moon,  August  5,  1 5**  48" ;  First  Quarter,  August  13,  o^  42"; 
ITull,  August  19,  17**  18"^;  Last  Quarter,  August  27,  4^  15". 

Mercury  is  in  inferior  conjunction  on  August  5,  after  which  he 
is  a  morning  star,  at  greatest  elongation  (18°  21'  W.)  on  August 
23,  when  he  rises  in  the  E.N.E.  i**  45™  before  the  Sun. 

Venus  and  Mars  are  both  evening  stars,  setting  soon  after  the 
Son. 

Ju/piteriB  stationary  in  Pisces.  Diameter: — ^August  i,  4i"'i ; 
August  31,  44"7. 

Aug.     I,  E.A,  i*»  i4"'*i,  Dec.  6°  17'  N.,  tr.  16^  30",  rises  9'*  54" 
16,  I    14  •!  6    13  N.,       15   31  8   56 

3i»  I    II  '4  5    53  N.,       14   29  7    55 

Daily  rate  of  rotation  87o**'7o=2'  i5o°7o;  Hourly  rate  36°- 2 8  ; 
Period  9*'"923.  (Derived  from  Mr.  Marth's  Ephemeris  for  Physical 
Observations  of  Jupiter,  *  Monthly  Notices,'  May  1880.) 

Saturn  is  also   stationary,  about  one  third  of  the  way  from 
a  Piscium  to  /3  Arietis. 
Aug,    I,  E.A.  i*^  5i"-i,  Dec,  8°  42'  N.,  tr.  17 
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Tbe  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  15°  40'  S.  on  August  2,  and  15®  33'  8.  on 
August  22,  and  of  the  Sun  13°  23'  8.  and  13°  39'  S, 
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Publications  received : — Prof.  Holden,  A  Subject  Index  to  the  Pub- 
lications of  the  U.S,  Naval  Observatory^  1845-1875 — Prof.  Holden, 
Catalogue  of  Library  of  U.S.  Naval  Observatory,  Washington.^  Part  i. 
Astronomical  Bibliography — Greenwich  Spectroscopic  and  Photo- 
graphic ItesuitSy  1878  and  1879 — J.  L.  E.  Dreyer,  Record  of  the 
Progress  of  Astronomy  during  the  Tear  1879  (Proc  Eoy.  Dublin 
Soc  1880) — Prof.  Asaph  Hall,  On  the  Observations  of  Double  Stars 
(Proc.  Amer.  Assoc.  1879) ;  Note  on  the  Companion  of  Sirius 
(Amer.  Joum.  1880,  June) — Dr.  B.  A.  Gould,  SAre  el  Cometa  de 
Febrero  de  1880  (Buenos  Aires,  1880) — Prof.  E.  Loomis,  Con- 
tribtUions  to  Meteorology  (Amer.  Joum.  1880,  July)— -4nnuaZ  Re- 
port of  the  Board  of  Directors  of  Chicago  Astronomical  Society,  and 
Report  of  Director  of  Dearborn  Observatory,  i88o^Prof.  C.  A. 
Toung,  Method  of  Investigating  Errors  in  form  of  Pivots  of  Meridian 
Instrument  (Proc.  Amer.  Assoc.  1879);  Hie  Colour  Correction  of 
CfTiain  Achromatic  Object-glasses  (Amer.  Journ.  1880,  June). 
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THE    OBSERVATORY, 

A  MONTHLY   REVIEW   OF   ASTRONOMY, 

No.  41.  SEPTEMBER  1.  1880. 

Practical  Spectroscopy  in  i88o. — ^Part  II. 

STICPPENG-STOmBfl  TH  KRETTT, 

The  idea  developed  in  our  last  communication, — as  to  the  propriety 
of  all  Anglo-Saxon  spectroscopic  observations  being  expressed  in 
ooe  numerical  language  alone,  and  that  the  most  suitable  for  the 
masses  of  the  people,  whenevBr  observations  are  either  published, 
or  even  when  only  communicated  in  MSS.  from  one  private  friend 
to  another, — ^need  not  throw  out  of  use  a  single  good  prismatic 
instrument  which  is  presently  at  work  anywhere. 

The  measuring  scales  attached  to  them  at  present  may,  indeed, 
give  forth  any  thing  but  the  desired  ultimate  wave-numbers,  and 
some  of  them  may  read  by  the  agency  of  optical  images  in  the 
field  of  view,  others  by  verniers  or  even  microscope-micrometers  on 
a  divided  circle  rim,  or  by  endless  screw  on  a  toothed  arc,  or  by  a 
long  tangent  screw  varying  its  inclinations,  and  by  no  means 
realizing  the  same  value  to  a  revolution  in  the  middle  and  at 
either  end  of  its  length,  yet  one  and  all 'may  easily  be  brought  to 
give  nearly  dually  correct  results  at  last,  if  a  right  principle  of 
reduction  be  followed.  And  one  and  all  must  submit  m  any  case 
to  some  principle  of  reduction  if  they  are  to  speak  a  common 
language,  right  or  wrong;  so  that  there  is  no  needless  labour  in 
what  is  now  to  be  advocated  ;  and  which  is  mainly  this,  viz.  that 
the  observation  must  be  considered  a  differential  one,  both  only 
and  exceedingly ;  for  it  should  be  so  arranged  with  respect  to  its 
absolute  references  as  to  be  simultaneous  nearly  in  time ;  and  for 
space,  to  trust  as  little  as  possible  to  any  appreciable  length  of  the 
instrument's  own  scale. 

Part  of  this  principle  has  long  since  been  carried  out  by  various 
good  observers ;  in  so  far  that  they  collect  a  set  of  standard 
spectrum-places  of  certain  very  visible  lines  in  wave-numbers, 
observe  the  readings  of  those  Hues  in  Nature  on  the  scales  of 
their  own  instruments,  whatever  they  may  be ;  and  then,  by  the 
well-known  method  of  projecting  observations  and  tabular  places 
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on  squared  paper,  with  tbe  instnunent's  scale  along  one  side,  and 
the  wave-numbers  on  the  adjoining  one  at  right  angles  to  the 
first,  they  deduce  a  set  of  numbers,  translating  the  readings  of 
their  special  scales  at  any  point  into  the  desiderated  wave-expres- 
sions.  The  earliest  example  that  I  am  acquainted  with  in  spectro- 
scopy was  that  of  Dr.  Vogel,  who,  in  a  paper  on  the  spectrum  of 
the  Aurora,  ^ye  (trom  a  curre  proYiously  formed)  the  readings  of 
each  revolution  of  his  micrometer-screw  in  waT€hlengtli8 ;  and  a 
complete  exhibition  of  the  whole  process  is  contained  in  M.  Leooq 
de  Boisbaudran's  admirable  work  '  Spectres  Lumineux/  pp.  2 1-24 
and  195-200,  vol.  i.,  and  plate  xxix.  vol.  ii. 

For  approximate  purposes  and  with  small  dispersions  this  method 
may  be  quite  enou^,  and  is  certainly  very  convenient ;  but  when 
ultra  accuracy  comes  to  be  required,  the  momentary  variations  of 
temperature,  in  altering  the  dispersions  of  any  prisms,  as  well  as 
the  local  changes  or  varying  errors  in  the  scales  themselves,  must 
be  met ;  wherefore  then  a  small  supplementary  curve,  for  every 
hour's  observation  during  a  long  evening,  will  be  found  a  necessity, 
and  may  be  easily  arranged  thus : — 

Know  what  you  are  going  to  do,  i.  e.  in  what  part  of  the 
spectrum  you  are  going  to  observe.  Select  from  your  list  of 
standard  places  of  spectral  lines,  by  great  authorities  for  wave- 
length determinations,  at  least  three  fiducial  reference-lines  (ol  a 
land  which  you  have  the  mechanical,  chemical,  and  othar  means 
for  causing  to  appear),  one  at  the  beginning,  another  in  the  middle, 
and  another  at  the  end  of  the  spectral  arc  you  are  about  to 
measiue ;  and  be  careful  to  observe  these  standw^  lines  both  before 
you  b^in,  and  after  you  have  finished,  observing  your  unbiown 
phenomena  between.  Seduce  all  the  observations,  without  excep- 
tion, to  wave-numbers  by  vour  general  table  for  that  purpose 
already  formed,  and  you  will  fiind  that  your  standard  lines  will  not 
come  out  according  to  their  exact  tabular  values  in  any  insbuioe ; 
neither  veiU  the  observations  of  them,  at  the  end  of  tiie  hour,  give 
precisely  the  same  results  as  those  at  its  commencement ;  and  this 
by  larger  quantities  than  can  be  attributed  to  mere  errors  of 
Insection  in  the  field  of  view.  But  there  is  usually  pero^tible 
enough  a  method  and  a  system  in  their  variations,  whtdi  when 
projected,  even  very  roughly,  cvrrente  ealamo,  on  squared  paper  will 
give  a  most  instructive  and  suggestive  curve-— enaUing  a  series  of 
supercorrections  for  each  observation  to  be  drawn  out,  dependent 
both  on  the  time  at  which  it  was  taken  and  the  part  of  the  spectral 
arc  in  which  it  was  situated. 

In  fact  there  is  hardly  any  source  of  error  which  cannot  be 
picked  up,  and  allowed  for,  by  this  primnple  of  the  curves  at  the 
beginning  and  end  of  each  set  of  observations ;  seeing  tiiat  those  who 
desire  the  utmost  perfection  can  make  tiieir  specbnl  arcs  within 
three  reference  pomts  continually  smaller,  and  may  return  on 
their  standard  Imes  at  much  shorter  intervab  tiian  an  hour, 
scrupulously  avoiding  also  to  alter  either  tbe  focusing  or  the 
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slit-breadth  meanwhile.  But,  generally,  one  supplementary  curve 
one  width  of  slit,  and  one  constant  focus  is  enough  for  any  fifth 
portaon  <^  ih/Q  spectrum,  when  usic^  those  more  moderate  disper* 
ftions  under  which  hoih.  chemical,  stellar,  and,  in  fact,  almost  all 
observers,  except  ihe  great  solar  authorities  probing  int-o  infinity, 
perforia  their  most  useful  work ;  and  it  is  within  that  dispersion 
limit  we  are  now  to  confine  our  attention. 

The  chief  necessity  then  for  every  working  spectroscopic 
observer,  who  would  boih  do  good  work  and  be  understood  by  his 
countrymen  therein,  ia^  firsts  to  be  in  possession  of  a  list  of  well- 
determined  places  of  certain  spectral  lines ;  and,  second^  to  have 
^km  means  of  calling  up  these  living  lines  of  light  into  fact  before 
him,  to  the  end  that  he  may  observe  them  there  and  then  wiUi 
all  distinctness,  certainty^  and  facility  too  if  possible. 

As  to  the^rs^  hidf  of  this  requirement,  I  have  be^i  engaged  for 
several  years  in .  selecting  and  comparing  the  places  of  st^dard 
lines  by  different  ^'grating"  observei*s,  much  as  the  framers  of 
catalogues  of  stars  deal  wit£  theur  various  authorities.  But  though 
I  am  daily  using  them,  and  am  recommending  them  both  for 
publicaticm  and  general  use  as  being,  I  believe,  just  about  as  good 
as  they  possibly  can  be  at  this  time,  yet  I  am  aware  they  are  not 
perfect,  and  that  discrepancies  will  be  found  in  the  fifth,  some- 
times even  in  the  fourth  place  of  the  numbers  employed.  But  we 
need  not  wait  for  these  ultra-improvements  of  difficult  cases ;  for 
ages  may  pass  away  before  the  desired  end  is  obtained,  so  very 
slow  and  long-linked  are  tlie  steps  of  appro:dmation  by  which  the 
last  touches  of  improvement  are  conveyed  to  the  numerical 
measures  of  any  branch  of  exact  science :  witness  the  many  years 
during  which,  in  time  past,  aiid  even  now,  still  varying  results  keep 
pouring  forth  from  tiie  astronomical  press  for  that  long  since 
fairly  approached  quantity,  the  mean  distance  of  the  Earth  from 
the  Sun;  or  see  new  re&action  tables  on  refraction  tables  still 
being  observed  for,  as  though  the  action  of  the  atmosphere  in 
lUtenng  the  Migular  heights  gI  the  stars  had  never  been  considered 
before,  and  remarkably  good  work,  too,  accomplished  on  the  basis 
of  the  older  tables  of  fiffy  and  more  years  ago. 

But  as  to  the  9eo(md  half  of  the  above  requirement,  we  are 
landed  there  at  once  amone  chemical  and  physical  operations, 
some  of  which  are  very  old  and  some  exceedingly  new ;  while  day  by 
day  such  altered  explanations  of  both  the  old  and  the  new  are 
beuB^^ven  by  mathematical  [^ysics,  that  scnne  men  stand  almost 
aghast,  wondering  what  it  is  all  to  end  in,  or  what  we  are  to 
underEMund  by  what  we  see  even  in  the  simplest  experiments  at 
the  very  beginning  of  the  $^bject.  This,  however,  is  exactly  the 
state  <)f  tilings  into  which  i^^ifl  my  duty  to  try  to  throw  in  some 
little  pcaetioa&y  guiding  light  if  it  be  possible ;  and  to  show,  amid, 
the  conflict  of  theories,  what  may  be  most  trusted,  as  well  as  the 
easiest  means  of  obtaining  it. 
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Pbaotioal  Spectea  at  Foxm  Stages  oe  TEMPERiTUEB. 

How  weU  all  the  world  has  been  made  acquainted  with  ihat 
little  group  of  pictured  spectra  of  the  principd  metalloids,  when 
their  salts  are  burned  in  lamp-flame,  published  by  Professors  Bunsen 
and  KirchhofE,  and  believed  to  be  as  simple  as  certain !  But  now  M. 
Thal^n  denounces  it  as  most  vicious  *,  inexact,  uncertain,  and  most 
complicated,  introducing,  by  the  act  of  combustion  in  open  air, 
many  things  not  well  understood  even  yet ;  and  altogether  need- 
lessly inti^uced,  says  he,  because  his  friend  M.  Angstrom  and 
himself  had,  previously  to  M.  Bunsen's  publication,  shown  that 
all  the  required  incandescent  vapourizings  for  spectroscopy  could 
be  produced  by  the  electric  spark  under  more  simple  and  safe 
conditions.  But  even  when  using  that  very  electric  spark,  Messrs. 
Plucker  and  Hitiorf  came  to  totally  opposite  conclusions,  on  the 
very  foundations  of  all  chemical  physics,  to  Messrs.  Angstrom  and 
Thal^n — the  former  demonstrating,  as  they  believed,  that  every 
chemical  element  has  totally  different  spectra  at  certam  very 
different  degrees  of  temperature;  while  the  latter  were  equally 
strong  that  no  real  elementary  matter  could  have  possibly  any  but 
one  single  spectrum  through  all  the  ranges  of  temperature.  They 
did  not  deny,  by  any  means,  that  the  look  of  many  spectra  is 
altered  by  change  of  temperature ;  as  when,  by  increase  thereof, 
what  was  in  lithium's  spectrum  its  a  and  brightest  line  in  the 
red,  sinks  down  to  a  third  rank ;  its  j3  line,  in  the  orange,  brightens 
up  so  as  to  become  a ;  and  a  line  not  dreamt  of  before,  in  the  blue, 
comes  out  as  )3.  But  these  are  mere  intensity  changes  of  one 
and  the  same  spectrum,  and  the  places  of  lines  when  visible  at  all 
are  not  altered  by  it  in  the  least ;  while  the  effects,  on  the  other 
hand,  observed  and  made  most  visible  by  Plucker,  and  confessed 
to  be  true  as  facts  by  Thalen,  showed  an  utter  and  total  change  of 
spectrum  when  passing  from  one  stage  of  temperature  to  ano^er : 
as  when  a  spectrum  of  many  hazy  bands  passes  at  a  bound  into  a 
spectrum  of  a  very  few  bright  lines  only ;  and  this  sort  of  change 
the  XJpsala  physicists  maintained  could  only  have  been  brought 
about  by  the  element  under  discussion  having,  at  that  moment,  either 
combined,  or  left  its  combination,  with  some  other  element. 

Fortunately,  however,  for  our  present  purpose  of  procuring 
trustworthy  stepping-stones  for  those  who  desire  practically  to 
spectroscope  the  unknown,  we  need  not  bind  ourselves  to  any 
theoretical  explanation  of  how  or  why  the  changes  are  product, 
but  only  seek  to  know  their  appearances  when  made ;  and  then  we 
not  only  find  a  certain  class  of  spectral  phenomena  always  coming 
forth,  and  to  be  rigidly  depended  on  (whenever  they  do  come),  at 
one  given  temperature  over  a  considemble  range  of  the  same,  and 
another  class  at  another  and  unmistakably  different  temperature,  but 

'*'   '*  Becherches  Bur  les  Speotres  des  M6talloideB ''  par  A  J.  AngBtrdm  el  T.  B. 
Tbftl^u,  extroit  dee  I^ora  Acta  Be^.  Soc.  So.  Upsal|  a^r,  3,  voL  iz.  pp.  3  ^4. 
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we  soon  arrive  involuntarily  at  this  piece  of  general  physics,  viz. 
that  there  are  certain  natural  spectral  appearances  endued  with  a 
superior  vitality  as  it  were  to  others,  so  as  to  be  capable  of  living 
tiirough  many  successive  stages  of  temperature,  like  some  created 
animiJ  beings  through  several  geological  ages.  Wherefore  who 
would  not,  if  he  could,  use  such  Imes  as  these,  in  preference 
to  others,  for  his  spectral  references,  when  gauging  the  depths  of 
the  physical  universe  ? 

Now  in  spite  of  the  diatribes  of  some  excellent  savants  against 
lamp-flame  for  rendering  incandescent  certain  chemical  salts  for 
the  spectroscope,  it  is  still  so  very  generally  used  in  the  world,  and 
found  to  be  so  convenient,  economical,  and  typical  of  the  lowest 
stage  of  temperature  for  producing  effective  luminosity,  that  we 
shall  adopt  it  here  as  our  first  temperature  stage  and  stand-ppint ; 
excepting  always  the  cold  condition  for  absd^tion  phenomena. 

The  next  higher  practical  stage  of  temperature  to  lamp-flame  is 
that  of  the  electric  spark,  viz.  the  simple,  uncondensed  spark,  as 
it  is  called,  which  is  given  off  by  the  now  universally  known  and 
employed  BuhmkorfPs  induction-coil ;  but  which  spark  is  never- 
theless, from  recent  aud  still  continuing  experiments  by  Prof. 
Alexander  Herschel,  far  more  intense  than  the  positively  simple 
and  absolutely  uncondensed  spark  of  the  same  length  comiug  off 
from  a  frictional-electricity  machine.  The  induction-coil  spark  is 
in  fact  exposed  to  a  primary  condensation  from  the  condenser 
included  in  its  own  wise;  but  though  somewhat  strengthened 
thereby,  it  cannot  approach  the  intensity  of  those  sparks  which 
are  submitted  to  a  secoud  and  more  ostensible  condensation  by 
Leyden  jar,  after  the  spark  has  been  given  off  by  the  coil.  The 
simple  coil-spark  forms  therefore  a  temperature  field  of  its  own» 
producing  a  very  similar  set  of  effects,  varying  only  in  brightness, 
whether  the  sparks  are  0*5,  or  i,  or  several  inches  loog;  and  these 
effects,  while  notably  transcending  lamp-flame  in  dealing  with 
solutions  of  metallic  salts,  are  yet  not  hot  enough  to  briug  out  the 
lines  of  many  of  the  pure  metals  themselves.  With  simple  sparks 
therefore  of  2  inches  long,  M.  Lecoq  de  Boisbaudran,  with 
admirable  judgment  confining  himself  thereto,  carried  out  all  his 
researches  on  metallic  compounds ;  and  it  was  enough,  for  he  was 
thereby  finally  rewarded  with  his  discovery  of  that  new  metal, 
which  he  presented  patriotically  to  his  county  as  "  gallium." 

But  when  that  simple  spark  is  exchanged  for  the  spark  subse- 
quently condensed  by  jar,  such  an  intense. increase  of  heat  is  then 
produced,  that  whether  they  be  large  or  small  sparks  the  spectra 
of  all  the  metallic  salts  are  changed  almost  beyond* recognition ; 
supplied  with  a  greater  number  of  lines,  and  the^e  cleaner,  sharper, 
freer  from  haze-bands  than  before ;  and  now,  too,  even  the  most 
refractory  metals  may  be  dealt  with  in  their  dried  and  hammered 
state.  The  condensed  spark  therefore,  while  it  forms  a  dirtinctly 
third  stage  of  temperature,  never  to  be  mixed,  up  with  the  second, 
is  the  most  important  of  all  for  astronomical  spectroscopy ;  for  it 
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is  then  only  that  the  moie  numerous  and  striking  eoihcidenoes  of 
chemical  bright  lines  and  dark  Fmunhofer  sohur  lines  begin  to 
come  out;  while  the  Sun  itself  forms  a  fourth,  and  apparently 
still  more  intense  stage  oi  heat,  with  furt^ier  resulting  modiiicationfl 
of  spectral  phenomena  (see  '  Transactions  of  Boyal  Society  of 
EdinDurgh,'  toI.  xjdx,  ;  a  paper  entitled  **  the  Solar  Spectrum  in 
1877  and  1878'*). 

Beginning  now  practically  with  No.  i,  or  lamp-flame  e&ets, 
and  taking  our  stand  therein,  and  searching  among  its  lines  for 
any  which  live  through  into  the  highw  temperatures  above  indicated, 
the  following  2 1  instances  may  be  collected  (confirmed,  too,  by  the 
records  of  more  than  one  observer),  wherein  the  whole  21  re- 
produce themselves  on  the  second  stage  of  temperature,  viz.  that  of 
^the  simple  dectric  spark,  say  2  indies  long;  18  reproduce  them-> 
selves  in  6-inch  electric  sparks,  powerfully  jar-condensed ;  but  3 
only  are  found  in  the  supernally  heaJbed  fires  of  the  Sun ;  or  thus : — 
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The  aboye  instances  being  all  of  notably  conspicuous  lines,  such 
as  there  are  very  few  of  in  any  spectrum,  there  can  be  no  doubt, 
from  the  closeness  of  the  observed  places  by  different  observers 
under  very  different  circumstances,  that  the  same  feature  of  the 
same  chemical  has  been  caught  at  each  temperature  stage  wherever 
it  is  visible  at  all ;  and  of  the  other^  and  far  more  numerous,  fainter 
lamp-flame  lines  which  Maze  out  there,  but  are  never  met  with 
again  in  higher  spheres  of  heat,  we  need  say  no  more  on  our 
present  inquiry.  Nor,  again,  need  we  enlarge  on  the  many  lines 
m  simple  electric  spark  spectra,  totally  unknown  to  lamp-flame ; 
and  the  still  more  numerous  Knes  in  condensed  electric  sparks, 
still  wider  from  lamp-flame,  but  having  so  many  analogues  in  the 
Sun.  Hundreds  or  these  latter  coincidences  were  discovered  by 
Angstrom  and  Thal^n ;  and  hundreds  more,  as  of  the  legions  of 
titanium,  have  been  added  by  Lockyer,  Meldola,  and  others ;  but 
these  later  additions  have  been  generaUy  of  such  almost  infinitely 
thin  weak  lines,  that  their  whole  number  hardly  makes  up,  in 
practical  solar  physics,  for  one  of  the  really  great  lines  of  the 
earlier  day ;  i.  e.  one  of  those  lines  denoted  by  Fraunhof er  with  the 
capitals  of  the  alphabet  from  A  to  H  inclusive ;  while  to  make  the 
new  swarms  of  excessively  faint  lines  show  at  all  requires  a 
combined  force  of  galvanic  battery,  size  of  coil,  surface  of 
condenser,  and  dispersion  of  prisms  such  as  few  private  persons 
are  possessed  of.  Fiazzi  Smith. 

[To  be  continTied.] 


Solar  Physics. — Part  II. 

Of  recent  spectro-photographic  observation,  I  may  mention  the 
valuable  work  of  M.  Comu,  who,  working  at  the  other  extremity 
of  the  spectrum  from  Captain  Abney,  has  extended  it  beyond  the 
violet  to  a  wave-length  of  2900,  far  beyond  which  the  solar  spec- 
trum undoubtedly  exists,  but  where  M.  Comu  finds  our  own  at- 
Qiosphereto  interpose  an  almost  impassable  barrier.  The  solar 
spectrum,  therefore,  is  now  known  by  photography  through  three 
tunes  the  extent  of  the  visible  portion,  and  this  great  gain  on  our 
former  knowledge  may  be  said  to  have  been  completed  for  us  in 
the  past  year. 

In  last  November  and  subsequentlv,  Mr.  Lockyer  has  made  the 
extremely  important  announcement  that,  reasoning  from  analogies 
furnished  by  known  compounds,  he  has  been  able  to  show  that 
many  elements  are  really  compound  bodies,  which,  incompletely 
dissociated  at  the  highest  temperature  we  can  command,  furnish 
under  the  form  of  feeble  lines  the  spectra  of  their  components. 

I  do  not  enter  here  into  discussion  of  points  still  in  debate ;  but 
that  which  has  arisen  round  this  and  the  recent  communications 
of  Dr.  Henry  Draper,  at  any  rate,  elicits  the  evidence  of  the  im- 
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mense  labour  now  requisite  in  establishing  new  facts  in  our  science ; 
and  the  refinement  of  some  of  the  adverse  explanations  suggested 
in  controversy  shows  us  to  how  limited  a  company  ot  speoidists 
we  must  look  as  judges  in  matters  so  important. 

The  instrumental  aids  of  our  study  have  grown  in  the  period 
under  review  with  the  demand  for  greater  accuracy,  until  the  de- 
tached prisms  of  Kirchhoffs  apparatus  are  replaced  by  trains  of 
automatically  adjustable  mechanism,  giving  us  in  ThoUon's  recent 
instrument  the  equivalent  dispersion  of  thirty  prisms  of  flint,  or 
what  has  replaced  the  "gitter"  of  Eraunhofer,  that  wonderful 
product  of  skill,  the  Butherfurd  grating,  which  for  a  large  variety 
of  uses  has  already  supplanted  the  prism.  Observatories  espe- 
cially devoted  to  solar  physics  are  being  established  by  European 
governments,  as  at  Potsdam  by  Prussia,  and  at  Meudon  by 
lYance.  I  have  already  alluded  to  that  on  Etna,  and  I  hope  it 
will  not  be  long  before  we  have  a  distinctly  physical  observatory 
within  our  own  territory.  There  is  no  step  in  our  power  to  take 
which  promises  so  much  for  immediate  advance  as  the  installation 
of  one  in  a  suitably  elevated  station,  for  certain  investigations  can 
be  made  only  under  this  condition,  and  no  amount  of  instrumental 
appliance,  patience,  or  skill,  at  a  lower  altitude,  supplies  their 
place. 

In  now  reviewing  the  acquisitions  which  this  twenty  years' 
labour  has  brought  us,  we  cannot  but  agree  that  we  have  achieved 
a  great  deal,  and  yet  must  admit,  with  wonder  at  the  field  still 
before  us,  how  little  is  our  progress  in  comparison  with  what 
remains  unknown. 

We  have  found  out  how  to  detect  daily  the  outbursts  from  the 
Sun  which  were  before  invisible ;  but  we  watch  these  outpourings 
of  enormous  forms  without  yet  knowing  what  drives  them  fortih, 
without  being  sure  how  far  our  very  view  is  not  in  part  illusion. 

"We  have  learned  how  to  study  and  fix  many  of  the  wonderful 
details  of  spot-actions  without  Imowing  what  spots  are.  We  see 
them  presenting  themselves  in  increasing  importance  through  a 
term  of  years,  and  then  diminishing,  and  we  attempt  to  assign  a 
period  to  these  cycles  of  growth  and  decay.  This  period  is  often 
fixed  at  about  eleven  years,  with  a  perhaps  unjustifiable  confidence, 
for  we  cannot  be  said  to  know  whether  what  we  have  seen  in  so 
brief  a  time  is  constant  or  variable,  nor  whether  it  be  not  the  mere 
incident  of  some  greater  cycle,  whose  course  began  before  man 
was  here  to  see  it,  and  whose  term  may  not  be  complete  till  he 
has  gone. 

We  are  possibly  now  led  to  ask  what  our  science  has  taught  us 
on  the  connection  of  these  remote  changes  with  questions  which 
affect  our  daily  lives,  and  perhaps  to  put  the  utilitarian  question, 
"What  is  all  this  worth?" 

We  find  at  the  present  time  our  study  growing  into  a  closer 
union,  not  merely  with  stellar  astronomy  on  the  one  hand  and 
terrestrial  meteorology  on  the  other,  but  with  all  the  physical 
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sdeiices,  than  would,  once  have  been  supposed  possible.  Thus,  to 
give  a  single  instance,  whatever  be  the  result  of  the  discussions 
aroused  by  Mr.  Lockyer's  statements,  it  seems  likely  that  we  are 
to  look  to  the  analysis  of  the  solar  radiations  for  the  most 
favourable  evidence  of  that  resolvability  of  our  so-called  elements 
to  simpler  forms,  which  our  chemists  are  now  very  generally  ready 
to  admit  as  possible. 

It  is  in  the  solar  spectrum  that  we  are  now  searching  for  the 
laws  of  the  molecular  groupings  which  affect  the  ultimate  consti- 
tution of  matter ;  and  in  recent  questions  as  to  the  real  nature  of 
certain  terrestrial  elements,  which  our  laboratories  cannot  yet  deal 
with,  the  Mount  Sherman  observations  of  Professor  Young  on  the 
appearance  of  their  analogues  in  the  Sun  have  been  accepted  by 
both  parties  in  debates  before  the  Eoyal  Society  as  pertinent  evi- 
dence, the  only  doubt  as  to  which  lies  in  its  interpretation. 

Of  problems  ''practical"  in  the  sense  that  their  utility  is 
apparent  alike  to  the  learned  and  the  unlearned,  there  are  two  at 
least  of  the  highest  importance  which  now  occupy  us. 

The  solar  heat,  which  grows  for  us  the  food  by  which  we  live, 
is  no  doubt  in  one  sense  the  final  cause  of  every  meteorological 
change,  bringing  those  years  of  want  and  years  of  plenty  which 
are  due  to  local  variations  of  climate,  that  depend,  through  a  okfun 
of  causes  very  remote  and  obscure,  no  doubt,  yet  finally,  upon  the 
Sun.  We  have  seen  the  magnetic  needles  \ibrating  idl  over  the 
globe  together  at  the  time  of  a  sudden  commotion  upon  the  solar 
surface ;  we  wateh  the  increase  and  decrease  of  auroras,  and  find 
we  can  almost  predict  their  frequency,  so  apparently  united  are 
they  by  some  mysterious  bond  with  the  changes  of  solar  spots ; 
and  we  look  with  natural  hope  for  other  signs  of  union  which  may 
enable  us  to  anticipate  more  important  effects  on  our  meteorology. 
E2ctreme  pains  have  been  devoted — in  some  cases  misdevoted — 
to  researches  aiming  to  establish  such  a  connexion,  by  collecting 
data  as  to  the  changes  in  rainfall,  the  movements  of  storms,  the 
prices  of  grain,  and  of  almost  every  feature  of  terrestrial  meteo- 
rology, in  order  to  see  whether  these  run  through  periods  coinci- 
dent with  those  of  known  changes  on  the  solar  surface.  It  will 
be  admitted  by  the  most  utilitarian  that  the  end  aimed  at  is  a 
worthy  one,  for  the  practical  result  of  success,  such  as  some  be- 
lieve possible,  would  be  to  enable  ite  attainer  to  predict  the  price 
of  breadstuffs  years  in  advance,  to  control  the  markets  oi  the 
world,  to  bestow,  if  unselfish,  an  almost  priceless  knowledge  to 
man,  or,  if  self-seeking,  to  acquire  wealth  beyond  wish. 

I  need  hardly  say  that  the  attempt  has  thus  far  been  unsuc- 
cessful. There  is  hardly  any  topic  on  which  there  is  more  popular 
interest,  hardly  any  on  which  there  is  more  popular  error,  than 
this  of  the  supposed  influence  of  the  Sun  on  the  weather.  By 
means  of  the  study  of  what  Professor  Smyth  terms  the  "  rain- 
band  "  in  the  spectrum,  we  appear  to  have  lately  gained  increased 
facility  in  predicting  local  weather-changes;  but,  excepting  thig 
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comparatively  unimportant  contribotiony  stodies  connected  wiih 
the  Snn  have  a»  yet  done  very  little  for  ub  here,  and  it  seems 
neoeesary  to  say  thiftt^  as  far  as  prophecy  is  conoemed,  none  of  ns 
are  yet  prophets,  or  more  able  to  tell  horn  our  knowledge  of  the 
Sun  what  tne  weather  will  be  next  week  than  what  the  hurest  will 
\m  next  year. 

There  is  another  utilitarian  aspect  of  our  study  about  which 
there  is  less  public  interest,  but  more  real  promise :  I  mean  that 
which  concerns  the  direct  application  of  soUur  heat  to  arts  and 
manufactures.  These  are  now  all  using  it  indirectly — ^by  the  water, 
for  instance,  which  it  lifts  into  the  clouds  to  tmm  the  mills  of 
Lowell  or  Lawr^ice  as  it  flows  back  to  the  sea,  or  by  the  coal 
which  it  stored  in  former  ages  to  drive  our  engines  to-day.  These 
indirect  means  use  but  the  feeblest  portion  of  the  sohir  heat,  which 
is  in  theory  capable  of  furnishing  nearly  one  horse-pow^  for  each 
square  yard  oi  the  earth's  surface  under  full  sunshine* 

What  we  have  actually  realized  in  experiments  is  still  con- 
siderable. 

The  visitor  to  the  last  Piaris  Exposition  may  have  seen  upon  its 
grounds  a  machine  of  strange  appearance,  in  the  open  air,  pointing 
sunward  the  axis  of  an  immense  reflector,  shaped  like  a  truncated 
cone,  which  gathered  the  rays  to  a  linear  focus  upon  the  boiler  of 
a  working  steam-engine,  ^Huch  it  drove  thus  by  direct  solar  heat. 
Many  not  dissimilar  solar  engines  have  been  built  in  this  country 
and  in  India,  the  particular  one  of  which  I  speak,  due  to  M« 
Mouchot,  having  actually  realized  about  one  horse-power  to  ten 
feet  square  of  surface. 

We  are  startled,  when  we  make  the  computation,  to  find  the  im« 
mensity  of  the  force  thus  placed  at  our  disposal,  or  to  see  what 
the  utilisation  of  the  waste  places  of  the  i&rth  would  bring  us. 
Upon  the  limited  area  of  the  Adirondack  wilderness  to  the  north 
of  us,  for  instance,  the  daily  wasted  sun-power  actually  realizable, 
and  after  every  allowance  for  loss,  is  many  times  that  of  all  the 
estimated  steam-power  at  present  in  use  in  the  whole  worid.  I  am 
not  myself  so  far  utilitarian  as  to  wish  to  see  this  use  made  of  our 
pleasant  summer  haunts ;  but  th^e  are  regions  of  the  Earth  at 
present  as  entirely  worthless  as  that  great  African  desert  which  it 
is  now  proposed  to  partly  reconvert  to  an  inland  sea,  a  sun-bumed 
area  now  apparently  hopelessly  useless  to  man,  and  yet  on  which 
an  amount  of  power  is  every  year  poured  in  utter  waste  which 
could  not  be  made  good  by  the  consumption  of  all  the  coal  known 
to  underlie  the  soil  of  Gfreat  Britain. 

Such  machines  as  those  of  M.  Mouchot,  owing  to  the  expense 
of  construction  and  attendance,  cost  more  than  an  engine  driven 
by  coal,  though  the  Sun  supplies  its  power  gratis ;  but  it  is  sim{>lyf 
it  seems  to  me,  a  question  of  time  when,  with  another  form  which 
I  believe  our  researches  already  indicate,  such  engines  may  become 
an  economical  as  well  as  a  mechanical  success ;  and  in  a  hunger 
sgnse  it  is  still  cmly  a  question  of  time  when  the  rapidly.  con- 
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smning  coal-beds  of  Great  Britain  yield  their  last,  and  her  mann* 
factoring  empire  is  transferred  to  countries  which  have  not  ex- 
hausted their  supply.  But  these  will  exhaust  their  own  in  turn ; 
the  stocky  though  great,  is  finite  and  not  renewable ;  and  we  must 
look,  for  the  only  power -we  know  which  can  replace  coal,  to  those 
regions  of  the  Earth  now  desolated  by  solar  heat,  and  to  which 
future  empire  may  probably  tend. 

We  have  considered  the  past  and  the  present  of  our  study ;  for 
its  future  there  remains  the  solution  of  all  the  great  problems  I 
have  already  alluded  to ;  but  these  questions  are  so  interlocked  that 
the  complete  answer  to  one  will  probably  not  be  given  till  we  are 
nearly  ready  to  answer  all. 

I  have  spoken  of  the  fallacy  of  the  popular  impression  of  the 
result  of  our  study  as  enabling  us  to  predict  the  weather,  or  to 
anticipate  the  character  of  coming  harvests.  Eejpeating  my  belief 
that  we  as  yet  know  nothing  here,  or  next  to  nothmg,  I  yet  do  not 
mean  to  disparage  the  object  of  such  researches,  nor  even  to  deny 
the  possibility  erf  their  ultimate  success.  We  can  look  forward, 
among  other  fair  dreams  for  our  science's  future,  to  a  time  when 
it  will  enable  us  to  predict  the  years  of  plenty  or  play  the  part  of 
a  beneficent  Providence,  by  wamiug  in  season  against  those  of 
famine,  which  have  cost  in  our  time  so  many  million  lives  in  China 
and  in  India.  These  are,  I  repeat,  still  dreieims  only ;  but  we  may 
call  them  hopes  if  we  will — hopes  of  which  increased  knowledge 
may  deprive  us,  but  of  which  we  cannot  say  it  may  not  bring 
fruition. 

There  remains  among  the  greatest  problems  of  the  future  of  our 
science  the  all-important  one  to  the  whole  human  race  of  the 
future  constancy  of  the  Sun's  heat,  of  which  we  have,  it  seems  to 
me,  no  assurance  of  the  present  rate  of  supply.  We  have,  it  is 
true,  every  assurance  that  in  the  contraction  of  the  solar  mass  and 
in  the  supply  of  meteoric  matter,  we  have  heat  to  \farm  the  human 
race  for  penods  almost  beyond  limit ;  but  we  learn  also  that  this 
heat  is  tempered  to  us  by  a  solar  envelope,  which  seems  to  be,  as 
far  as  we  know,  in  conditions  which  do  not  favour  stability.  It  is 
constantly  being  added  to  by  eruptions  from  within  the  Sun, 
caused  by  we  know  not  what,  and  constantly  diminished  by  some 
counter-process  which  we  understand  as  little.  When  we  consider 
that  the  thickening  of  this  solar  atmosphere  would  bring  back  the 
age  of  ice,  or  it«  thinning  carry  our  polar  regions  to  tropical  tem- 
perature, and  when  we  remember  that  rhythmical  action,  not 
uniformity,  seems  to  be  the  law  of  nature  here,  we  can  feel  no 
certainty  of  the  future  constancy  of  the  solar  heat,  nor  of  our 
protection  against  such  changes  as  seem  to  have  befallen  other 
Buns  in  space,  and  against  which  we  are  powerless  to  guard. 
'  But  such  considerations  of  our  ignorance  and  helplessness, 
while  they  may  prevent  us  from  any  undue  pride  in  what  our 
science  has  alreaoy  attained,  may  teach  us  renewed  confidence  from 
the  very  brevity  of  our  life.    These  green  fields  around  us  were 
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once  covered  witL  glacial  ice,  and  the  change  has  been  absolute 
from  that  condition  to  the  one  of  to-daj.  Yet  in  the  lifetime  of 
any  one  of  the  thousands  of  insect  generations  which  have  suc- 
ceeded each  other  in  these  fields,  there  must  have  seemed  no 
alteration ;  and,  remembering  what  instants  our  own  lives  are,  in 
a  like  comparison  with  the  uncounted  ages  of  the  Sun's  history, 
we  may  well  reckon  that  our  generation  shall  see  no  change. 

In  the  little  span  which  is  allowed  us,  however,  we  will  try  to 
learn  something  more  of  that  source  of  light,  life,  and  power  of 
which  we  are  materially  the  creatures;  and,  if  we  can  leave  a 
knowledge  which  will  not  die  with  ourselves,  feel  that  we  have  left 
also  the  record  of  a  something  in  us  "  which  owes  no  homage  to 
the  Sun.**  S.  P.  La^glet. 


Total  Solar  Eclipses. 

No  further  particulars  of  the  total  eclipse  of  January  ii,  in  the 
present  year,  seem  to  have  come  to  hand,  other  than  what  were 
contained  in  the  'Observatory'  for  March  and  April,  nos.   35 
and  36. 
The  expression  "  clear  white  light "  appL'ed  to  the  corona  (see 

*  Observatory,'  March,  no.  35,  p.  360),  remmds  one  of  the  "  delicate 
band"  (rcuWa  Xc^rr^)  spoken  of  by  "Leon  the  deacon"  in  his 
account  of  the  totality  of  the  eclipse  of  968,  December  22  (see 

*  Astronomische  Nachnchten,'  no.  1832).  [The  latter  phenomenon 
was  total,  over  a  tract  of  country  in  the  south-west  of  our  own 
land,  very  soon  after  sunrise.]  Undoubtedly  this  eclipse  of  968 
has  an  interest  of  its  own  for  us,  in  being  the  first  in  which  we 
have  a  distinct  mention  of  the  corona.  Is  there  any  furtiier 
distinct  reference  to  it  till  Dr.  Wyberd's  observation  in  1652  ? 

As  to  the  Calif  omian  eclipse  of  last  January,  it  is  not  mentioned 
by  Mr.  B.  T.  Paine  in  his  account  of  the  American  total  solar  eclipses 
of  the  present  century,  given  in  the  Monthly  Notices  R.  A.  S. 
1869,  because  he  refers  to  those  total  in  the  United  States.  It 
appears  the  shadow  must  have  crossed  the  States  five  times 
in  the  course  of  the  present  century  (if  we  include  such  western 
parts  as  Texas),  viz.  in  1806,  1834,  i860,  1869,  1878,  and  it  will 
do  so  again  in  1900.  As  to  the  passages  of  the  shadow  across  the 
American  continent  after  that  date,  I  have  seen  no  account ;  but 
on  roughly  examining  the  eclipses  in  the  first  half  of  the  next 
century,  it  appears  the  conditions  would  be  fulfilled  on  the 
following  dates : — 

1918,  June  8;  1925,  January  24;  1932,  August  31. 
The  first  mentioned  seems  total  in  the  extreme  Southern  States, 
the  last  two  in  the  extreme  Northern  ones. 
Abbenhall  Beotory,  Gloucester,  8.  J.  JOHKSONr 

1880,  August  a. 
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Double  Stars  for  September. 

Eon  the  most  interesting  and  important  pairs  see  *  The  Observa- 
tory/ Vol.  ii.  p.  148  and  Vol.  iii.  p.  143. 

a  Aquilee.        E.A.  19^*  44"*9,  Dec.  +8^  33'.    Mag.  A  i|,  B  10. 
1821  326^-2  ISSN'S  2. 

1877  311*9  156  "I  Flammarion. 

Flammarion  says  that  Alvan  Clark  has  seen  eight  small  stars 
nearer  the  principal  star  than  the  old  companion.  The  proper 
motion  of  a  is  considerable,  +o"*54  in  E.A.and  —  o"-38  inN.P.D. 

fi  Aquite.        E.A.  19**  49"'4,  Dec.  +6**  6'.    Mag,  3-4,  11-3. 

First  recorded  double  at  Munich  in  1838.    It  is  OS  532. 

1838-8  23^-8  ii"-8i         Munich. 

1878-6  16  -5  12  "00        /3. 

The  two  stars  have  a  common  proper  motion. 

/5  Delphini.        BA.  2o*»  3i*-9,  Dec.  + 14^  11'.    Mag.  A  4,  B  6, 
C  13,  D  loj. 

AB        sSS^'t  o"-7+       1873-6  p. 

53  -7  o  -24         1878-6  „ 

AC        IIS  7  27  -37  -6  „ 

AD        335  -6  35  -06        1877-7 

This  is  /3  151.  C  was  measured  by  H,  and  Sra.  AB  form  a 
binary  in  rapid  motion.  AD  was  observed  by  Hi  in  178 1,  348°, 
25"-9. 

c  Delphini.        E.A.  20**  33"'3,  Dec.  +9^  40'.    Mag.  4-8,  11-4. 
This  is  02  533. 

1851-6  i2'*-4  io"*23         02. 

1878-2        329  -2  10  '59        /J. 

a  Delphini.        E.A.  2o>^  34",  Dec.  + 15°  29'.    Mig.  A  56,  B  ?, 
Ci3,Di3,E? 

B  is  an  excessively  faint  star  detected  by  fi  with  the  26-inch. 


AC         279^-7          42"-o2         1877-8 

-9               -47         1878-7 

AD        330  '2          47  '9^              7'8 

AE        114-1            ....                 7*8 

/3. 

91 

C  is  the  nearest  star  seen  by  Hj. 

I  Cygni.        E.A.  20''  42*7,  I>ec.  +$6''  3'. 

Mag.  5-5,  7-6,  10. 

This  is  02  413- 

AB        1842-6        122^-3              o"-65 
1878-5          85  -3              0  "74 

OS. 

i3. 

A  rapid  binary. 

AC  probably  unchanged,  distance  85"  +  . 
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OS  424.        E.A.  20^  sa"'^,  Dec.  +15**^'-    Mag.  7-8,  8-9. 
AB        18457        332°-o  o"-46        OS. 

1878-6        327  7  o  -45        /3- 

/3  flftw  »  faint  star  on  an  angle  of  306^*3  in  1878. 

J08SPH  G-LEDHILL. 
lir.  Edward  OroMley't  Obsoifalory, 
Bermerside^  Halifax. 


Meteor  Notes  for  September  *. 

OBS£Byi.Tioirfl  may  be  made,  in  the  absence  of  moonlight,  daring 
the  first  12  nights  and  in  the  evenings  after  iiie  26th.  A  shower 
of  large  meteors  from  a  point  in  306^  +  54°  N.  of  a  Cygni  should  be 
expected  on  the  isfr-3rd;  and  on  the  6th-7th,  iith-i3th,  and  25th 
fireballs  are  especially  numerous.  The  chief  radiants  determined 
by  Heis  during  the  first  half  of  the  month  were  at  39®  +63% 
45°  +40^  320^  -{-6f,  342°  +9\and  10^  +39°.  He  also  gives  a 
shower  at  55°  +37°  (near  ePersei)  which  is  probably  the  same  as 
one  observed  by  Tupman  in  1871,  Sept.  7-15,  at  66^  +  40°,  by  Zezioli 
in  1869  Sept.  6,  60°  +32°,  and  by  the  writer  in  1877  Sept.  4-16, 
6 1°  +  36°.  The  central  position  of  the  radiant  derived  from  a  mean 
of  these  observations  is  at  6o°'5  -h  36°'2.  There  are  several  showers 
in  Auriga  during  this  and  the  ensuing  months  of  October  and 
November.  Mr.  ^^g  gives  the  average  position  as  at  84°  +48® 
from  a  number  of  different  observations.  In  1879,  between  the 
i4th-25th,  five  showers  of  Aurigids  were  observed  more  or  less  di«- 
tinctly  from  the  following  points:— 76°  +32°,  87''  +43°,  76°  +  44° 
90°  +6o^and76'*  +56^ 

Recent  Observations. — The  large  meteor  seen  by  Mr.  Dunkin  on 
April  7,  and  described  in  the  *  Observatory '  for  May,  p.  414,  was 
also  observed  by  Mr.  J.  M.  Coates  at  Moulton,  Spalding  (lat.  52® 
48'  N.,  long.  0°  3'  W.),  and  he  gives  the  path  as  from  R.A.  6^  45", 
Dec.  if  S.,  to  E.A.  8'*  o»,  Dec.  2f  S.  There  was  much  haae; 
only  the  larger  stars  were  visible.  The  train  of  the  meteor  was 
very  long.  The  "  wavy  course  "  described  by  several  observers  was 
not  noticed.  Duration  of  the  meteor  6  or  7  sees.,  the  motion  being 
apparently  very  slow.  The  radiant-point  derived  from  the  com- 
bined observations  is  at  42^  +18^  in  the  eastern  extremity  of 
Aries. 

The  bright  meteor  of  July  9,  9**  46"  (*  Observatory,'  August, 
p«  5i3)»  ^*8  ^^^  by  Mr.  F.  €.  Penrose  at  Wimbledon,  at  9**  45", 
and  estimated  =  $  •     It  passed  about  4°  above  Spica  and  disap- 

*  See  *  ObBerratory/  Vol.  i.  p.  157,  VoL  ii.  p.  164,  and  Vol.  iii.  p.  145,  for 
further  notes  on  September  showers.  See  also  Vol.  iiL  p.  203  for  a  list  of  th^ 
major  radiant-points  observed  by  the  writer  in  September  1879. 
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peared  soon  afterwards,  as  nearly  as  could  be  noted,  in  alt.  i6% 
azimuth  50^  west  of  south,  traYelliug  at  the  rate  of  8^  per  second. 
The  apparent  course  was  only  slightly  inclined  to  the  horizon, 
Approaching  it  at  an  angle  of  about  i  in  10.  Colour  light  yellowish 
till  the  moment  of  extinction,  when  it  became  blue  and  fainter,  finally 
disappearing  without  any  sign  of  explosion.  Its  course  was  some- 
what wavy,  and  the  tail  it  left  behind  very  evanescent  *.  The 
mete<»  was  also  observed  from  Clapham  Conmion,  at  9^  45™,  in  the 
8.W.,  travelling  through  Virgo  about  10°  or  so  above  Spica.  It  was 
brighter  than  Venus  and  moved  slowly. 

The  writer  at  Bristol  noted  meteors  as  unusually  numerous  on 
July  29,  between  10**  and  12^;  15  were  observed  in  an  occasional 
look  out  during  that  interval,  but  the  Moon  was  up  after  10*^  45™. 
Some  fine  meteors  were  seen  from  a  radiant  at  257°  +64°  near 
f  Draconis.  On  Aug.  2, 1 1**  to  i2\  10  meteors  were  seen,  of  which 
4  belonged  to  the  Perseids  II.,  but  the  sky  was  partly  overcast. 
Mr.  <brder  at  Writtle  saw  more  than  60  meteors,  in  a  watch  ex- 
ceeding 4  hours,  on  July  29--30;  and  20  of  these  were  Perseids, 
radiating,  as  nearly  as  possible,  from  29°  +  56°  (^  Persei).  A  few 
Aquariads  were  seen  from  a  centre  at  331°  —10®. 

The  Perseids  were  observed  with  marked  success  this  year,  the 
Moon  being  absent  and  the  weather  eminently  favourable  for  such 
work.    At  Bristd  the  writer  made  observatic«is  as  follows : — 


Horary  noe., 
I  observer. 

. ^ ^ 

Date.      Watch.         Time.      Meteopa     Per-        All     Per- 


I88O'.      ""h    '  h       'h  "seen."'  seids.  meteors.  Beids.      J^*^*^* 

A.ug.  6 I*  10  to  11^          19  5  13  3     138+56 

7,8...      41  II      14          I"  54  25        12     J  41  +55 

9 ar  "       *3i        "»  71  44        a8        44+55 

10 1}  10      iij          50  41  34        28        45+57 

+57 


" av        W    13  ^4        43 


" 21         10*    13  45        19 

13 »*        10}    12  18  7  »a  5        49i+57i 


13 

3 

^s 

12 

44 

28 

34 

28 

26 

17 

18 

8 

12 

5 

}48 


Aug.  6-13...    idj        10  to  14         419      240        24*6     14*4       44  +56 

The  maximum  apparently  occurred  on  the  night  of  the  9th ;  but 
on  the  loi^  a  fog  partly  obscured  the  BtM*s  and  had  increased  so 
much  at  1 1**  30"  that  further  observations  were  impossible.  More- 
over, the  watch  was  began  at  an  earlier  period  than  usual,  when  the 
radiant  was  low,  and  the  fact  must  be  remembered  that  this  year 
being  leap  year  the  meteors  might  be  expected  to  return  earlier ; 
thus  the  real  intaisity  of  the  display  may  have  taken  place  before 
the  evening  of  the  loth.  The  radiant-point  was  determined  each 
night  from  short  meteors  close  to  it,  and  it  apparently  advanced 
from  38°  +56°  to  49^'^  +57i°  during  the  eight  consecutive  nights 
of  observation.     The  streaks  which  the  meteors  almost  invariably 

*  *  Jfature,*  July  S2, 1880^  p.  267, 
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left,  marking  the  directions  of  their  flights,  allowed  the  centre  of 
divergence  to  be  f oand  with  great  accuracy ;  and  though  a  few 
Perseids  were  seen  not  exactly  conformable  to  one  and  the  same 
point  of  departure,  the  radiant  was  sharply  defined  on  each  occasion. 
The  shifting  of  the  radiant  was  noticed  by  the  writer  in  August 
1877,  and  referred  to  in  the  *  Observatory,'  Vol.  i.  p.  166 ;  and  it 
seems  probable  that  the  shower  of  20  meteors  seen  by  Mr.  Ck>rder 
on  July  29-30  this  year,  from  a  point  at  20°  +56®  (and  described 
above),  together  with  the  notable  display  of  str^k-leaving  meteors 
from  below  x  Persei  seen  by  the  writer  in  1878  on  July  30- Aug.  i, 
and  called  Perseids  II.,  may  after  all  be  the  avant-couriers  of  the 
true  Perseids  and  belong,  in  fact,  to  the  same  identical  stream. 
The  largest  meteors  recently  seen  at  Bristol  were  as  follows : — > 

Path 
from  to 

Date.  Time.  Mag.  a  i  ad 

1880.  h     m  0000 

Aug.  7 1225  <$  55     +53  64     +50 

„     8 13  37         =1  ])         266i  4-  7        264I  -h  2 

»     9 1223  >$         332+7        320    —10 

These  meteors  left  bright  streaks  and  belonged  to  the  Perseids. 

Many  others  were  seen  equal  to  Jupiter  or  Mars.  The  firebaU 
of  Aug.  8,  13**  37",  was  remarkably  brilliant ;  at  the  time  of  its 
appearance  the  sky  had  become  overcast  except  at  a  low  altitude  in 
the  western  sky,  where  a  few  stars  could  still  be  observed ;  a  vivid 
flash  came  from  that  direction,  and  a  bright  streak  was  immediately 
noticed  over  the  star  y  Ophiuchi. 

Mr.  H.  Corder,  at  Writtle,  Essex,  saw  395  meteors  between 
Aug.  I  and  11,  of  which  234  were  conformable  to  Perseus.  The 
night  of  the  loth  was  very  hazy  and  generally  overcast,  so  that 
between  9**  and  12**  only  39  were  recorded ;  but  it  was  estimated 
that  with  a  clear  sky  the  horary  number  would  have  been  about  40. 
The  chief  radiant  of  the, true  Perseids  was  determined  at  45°  4-58°. 

Major  Tupman  observing  at  Cookham,  near  Maidenhead,  saw  13 
meteors  (11  Perseids)  on  Aug.  8,  lo*"  34"  to  ii*"  34*.  On  Aug.  9 
the  sky  was  very  clear,  and  a  watch  sustained  from  9**  56™  to  12*  5" 
revealed  31  meteors,  of  which  28  were  Perseids  and  3  Cygnids. 
On  Aug.  10,  9*"  5"  to  ID*"  43",  there  were  15  or  16  Perseids  and  a 
few  other  small  meteors.  Sky  clouded  over  at  10**  43".  On  Aug. 
1 1  the  sky  was  generally  overcast. 

The  Eev.  Gt.  T.  Eyves  reports  from  Stoke-on-Trent  as  follows : — 
Aug.  8,  10**  to  ii\  19  meteors,  including.  10  or  11  Perseids.  On 
Aug.  9,  between  9**  45™  and  12**  45",  95  meteors  were  seen,  in- 
cluding 80  or  85  Perseids.  On  Aug.  10,  9**  30"*  to  ii*»  30",  126 
meteors,  nearly  all  of  which  were  Perseids.  Mr.  Byves  was 
assisted  by  two  friends  on  the  9th  before  1 1^  and  during  the  whole 
period  of  observation  on  the  loth.  He  gives  diagrams  of  some  of 
the  largest  meteors  seen,  and  notes  that  at  i2*»  25",  Aug.  9,  a  very 
bright  meteor  was  imperfectly  seen  in  the  Milky  Way  near  horizoii 


Digitized  by 


Google 


1880.]  Correspondence.  639 

in  S.W.,  moving  about  S.W.  This  is  evidently  the  same  meteor 
as  one  seen  at  Bristol  at  12**  23™  that  night.  Mr.  Eyves,  in  sum- 
ming up  his  observations,  remarks  that  "  in  this  year's  display  there 
has  been  a  great  falling  off  in  the  average  brightness  of  the  meteors 
as  compared  with  former  years.  Of  the  240  meteors  seen  here, 
not  more  than  a  dozen  were  such  as  would  have  attracted  the  atten- 
tion of  any  but  trained  observers,  the  great  majority  requiring 
rather  exceptionally  keen  eyes  to  detect  them  at  all." 

The  Eev.  S.  J.  Johnson,  of  Mitcheldean,  GMos.,  writes  that  on 
Aug.  9,  10**  57"  to  II**  57™,  20  meteors  were  seen  there.  On 
Aug.  10  there  was  much  cloud  at  times,  especially  in  the  eastern 
sky.  16  meteors  were  noted  between  10^  3"*  and  11**  3".  On 
Aug.  II,  12  meteors  were  seen  in  a  clear  sky  between  10^  and  II^ 
Several  of  the  meteors  observed  on.  these  nights  were  =%,  and  a 
large  proportion  as  bright  as  ist-mag.  stars.  At  Bristol  the  bril- 
liancy of  the  visible  meteors  was  only  recorded  in  special  instances, 
but  the  display  was  thought  to  compare  favourably  in  this  respect 
with  its  former  apparitions. 

A  bright  aurora  was  seen  by  several  observers  on  the  nights  of 
August  II  and  12. 

W.  F.  Denning. 


CORRESPONDENCE. 

To  the  Editor  of «  The  Observatory/ 

d  Cygni. 

Sib,— 

Great  interest  attaches  to  this  star  on  account  of  the  difficulty 
observers  have  had,  at  various  periods,,  in  seeing  the  ^m^ll  00m- 
panion.  This  can  scarcely  b6  due  to  variation  in  the  state  of  the 
air,  as  experienced  observers  could  tell  when  this  should  or  should 
not  prevent  their  seeing  such  an  object.  But  more  important 
still  IS  the  strange  variety  in  the  estimates  of  B's  colour.  Could 
some  of  your  correspondents,  who  have  access  to  such  records, 
collect  the  estimates  of  its  colour  made  by  different  observers, 
and  by  the  same  observer  at  various  times,  an  advance  might  be 
made  towards  an  explanation  of  these  anomalies.  A  variation  in 
colour  is  not  less  probable  than  one  in  magnitude ;  and  if  proved  to 
exist  in  this  case,  will  throw  light  on  the  condition  of  some  stellar 
envelopes. 

To   observe  the  spectrum  of   both  for  variations  is  also  im- 
portant. 

The  companion  seems  to  me  now  to  be  a  muddy  blue,  mag.  7. 

I  am  Sir,  yours  faithfully, 

Saltcoats,  Arrahire,  N.B.,  Edwakd  B.  KirK. 

1880,  July  24. 
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The  Group  of  e  Lyrce, 

If  the  enclosdd  map  of  the  small  stars  visible  within  a  circle 
which  jufit  includes  the  components  of  eLjraa  and  a  small  star 

B.A.  (5)  ^' 

W.P.D. 
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320 

(4)  «'. 

8  seconds  in  B.A.  on  their  east  is  of  any  interest  in  connection 
with  Mr.  Gledhill's  interesting  paper  in  the  last  Number,  it  is  at 
the  service  of  the  readers  of  the  *  Observatory.'  It  was  constructed 
with  some  care,  the  places  of  the  chief  stars  being  measured  by 
the  micrometer,  and  the  fainter  ones  being  placed  by  alignment. 
The  stars  it  contains  were  seen  in  May  1876  with  my  With  spe- 
culum of  8'i5-in.  aperture,  power  220.  Other  stars  are  visible 
near ;  but  my  attention  was  iiinited  to  the  circle  described  above. 

I  am.  Sir,  yours  truly, 
Brighton,  1880,  Aug.  5.  HenBY  Pbatt. 

Elements  of  Comet  L  1880. 
Sib,— 

I  regret  to  say  that,  notwithstanding  a  sharp  look-out,  the 
persistently  cloudy  state  of  the  horizon  prevented  me  from  getting 
one  observation  even  of  the  great  southern  comet  of  February 
last.  Although  the  tail  was  visible  on  several  evenings,  the  head 
was  seen  for  a  few  seconds  only  on  one  occasion.     Mr.  Ellery  has 
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kindly  supplied  me  with  observations  made  at  the  Melbourne  Ob- 
servatory on  February  9,  10,  14,  15,  16,  and  17.  I  have  deduced 
the  following  parabolic  orbit  from  the  observations  of  February  9, 
14,  and  17  corrected  for  aberration  and  parallax: — 

Per.  Pass.  1880,  Jan.  2f'$6zz^,  Qt,  M.  T. 
Long.  Per.     227°  22'  53"'4.      Inclination  ^6°  41'  41  "•9. 
Long.  Node  358   22  48  •6.      Per.  Dist.    0*0067243. 
Mean  Equinox  i88o*o.  Motion  Eetrograde. 

These  elements  differ  in  some  respects  from  Mr.  Hind's  approxi- 
mate orbit  in  the  '  Observatory '  for  April  last.  Unfortunately 
the  position  for  Feb.  14  rests  on  one  comparison  only  with 
o-  Sculptoris.  Three  other  coinparisons  were  obtained  on  the  same 
evening  with  an  anonymous  star,  whose  accurate  place  is  yet  to  be 
determined.  I  find  it  impossible,  on  the  hypothesis  of  parabolic 
motion,  to  satisfy  the  middle  place  both  in  longitude  and  latitude. 
When  the  longitude  is  satisfied,  the  residual  in  latitude  becomes 
magnified  far  beyond  the  limits  of  probable  error  of  observation; 
the  orbit  is  therefore  probably  elliptic.  My  elements  closely  re- 
semble the  third  orbit  computed  by  Laugier  and  Mauvais  for  the 
greikt  southern  comet  of  1843  ;  and  it  is  a  remarkable  fact  that 
these  computers  assign  a  period  of  thirty-five  years  to  their  ellipse. 
(See  Encke's  edition  of  Olbers'  *Abhandlung,'  1847,  pp.  198  and 
230.)  I  trust  when  Dr.  Gould's  early  observations  come  to  hand 
to  be  able  to  deduce  a  more  accurate  orbit. 

I  am,  Sir,  yours  faithfully, 

Windsor,  N.  S.  Wales,  JOHN  TbBBUTT. 

1880,  June  21. 

A  Fine  Prominence. 

Sib,— 

On  the  31st  of  July  last  there  was  a  splendid  display  on  the 
limb  of  the  Sun.  If  you  have  heard  nothing  of  it  from  any  other 
quarter,  an  account  from  an  amateur  may  seem  to  you  likely  to 
interest  some  of  your  readers. 

The  instrument  used  was   a  telescope  of  4-in.    aperture,  the 

spectroscope  carrying  three  compound  prisms  (each  composed  of  5 

simple  prisms),  two  being  fixed  in  a  frame  and  screwed  in  as  an 

.  eyepiece,  the  third  moving  in  arc,  with  a  collimator  and  telescope 

of  SIX  inches  :  the  weight  counterpoised  from  a  wooden  arm  above. 

On  the  following  limb,  a  little  north,  appeared  a  sheaf  of  pro- 
minences, spear-headed,  not  so  high  as  the  vaporous  masses  usually 
seen,  but  intensely  bright,  giving  the  idea  of  molten  metal.  Forms 
changing,  but  not  rapidly.  I  immediately  saw  also  another  image, 
fainter  but  quite  distinct,  nearly  halfway  between  C  and  d. 
Having  no  cross  lines,  I  could  only  estimate  the  position,  which 
.seemed  to  be  at  |^  of  the  distance  towards  B.  I  see,  in  Schellen's 
•  Spectrum  Analysis,'  mention  made  of  a  line  in  this  part  of  the 
spectrum  as  seen  occasionally, 
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I  then  turned  to  the  line  D  3.  The  image  here  was  magnifioent, 
in  bright  pale  straw-colour.  But,  besides,  four  or  five  images  of 
the  prominences  appeared  as  yellow  spots,  threaded  on  the  black 
D  I  and  D  2  lines.     A  rerj  beautihil  sight. 

The  same  appearance,  less  bright,  was  seen  on  the  lines  &,  and 
also  oa  the  fourth  magnesium  line  lower  down  in  the  spectrum. 

At  E  the  image  was  exceedingly  bright.  Beyond  this  the 
hydrogen  lines  were  not  seen,  the  correction  of  the  prisms  not 
being  fayourable. 

The  day  following  a  large  spot  appeared,  which  must  have  been 
on  the  limb  at  the  place  and  time  of  this  display.  But  to-day  the 
spot  must  be  on  the  opposite  limb,  and  there  are  no  signs  of  any 
such  activity. 

I  sometimes  wonder  that  these  solar  changes  are  so  little  noticed, 
and  imagine  how  majznificent  they  would  be  if  the  details  were 
brought  out  by  powerful  instruments. 

A  telescope  mounted  in  the  usual  way  is  not  well  suited  for 
this  purpose.  The  pillar  is  not  high  enough,  the  mounting  is  not, 
usuaUy,  made  to  carry  the  weight,  and  when  a  train  of  prisms  is 
used  the  image  is  dwarfed  by  the  small  collimator. 

I  would  suggest  an  arrangement  like  the  following : — a  rough 
tube,  two  feet  longer  than  focal  length,  carrying  inside  two  com- 
pound prisms  with  lo-inch  collimator,  the  third  compound  prism 
moving  in  arc ;  this  tube  mounted,  when  required,  on  pillar  6  feet 
high,  on  plain  polar  axis,  as  in  the  so-called  zodiacal  arrangement 
figured  in  Simms's  little  book,  simple  hand  movement  by  Hook's 

i'oint  and  tangent  screw,  and  no  graduation.  This  arrangement  I 
lave  for  several  years  used,  and  have  found  it  inexpensive  and 
thoroughly  efficient.  The  tube  is  taken  out  from  shdter,  object- 
glass  put  in,  and  the  whole  set  up  in  five  minutes,  and  the  pro- 
minences are  seen  and  followed  with  perfect  ease. 

I  am,  very  faithfully  yours, 
Walton  Rectory,  J.  Q-.  HlCKLKT. 

Bridgwater,  Aug.  13,  1880. 

Spectrum  of  Attrora. 

Sib,— 

Between  10**  30""  and  midnight  on  August  12  there  was  a 
very  fine  display  of  Aurora  here.  Long  pale  silvery  streamers 
rose  from  the  northern  horizon  at  all  points  of  an  arc  of  at  least 
150°,  the  centre  of  which  was  considerably  west  of  the  true  north. 
These  converged  towards  a  point  1 5®  or  20®  south  of  the  zenith, 
but  did  not  quite  meet,  breaking  off  before  the  point  of  c(Hivergenc6 
was  reached. 

The  spectrum  consisted  of : — 

1.  A  oright  band  in  the  yellow  more  refrangible  than  D. 

2.  A  fainter  and  broader  band  about  6,  brighter  and  better  de- 
fined on  the  least  refrangible  side. 
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3.  A  pretty  distinct  band  near  E. 

4.  A  very  faint  line  near  G. 

5.  Between  D  and  E  a  hint  light,  broken  near  F  by  a  broad  dark 
band. 

This  spectrum  was  the  same  in  dl  parts,  allowing  for  varying 
brightness. 
On  the  Sun  that  day  were  5  or  6  large  spots  recently  formed. 

I  am,  Sir,  yours  faithfully, 
SaltooaU,  N.B^  EdwaBD  B.  KibK. 

1880,  August  13. 

[Mr.  Hickley,  writing  from  Bridgwater,  mentions  a  beautiful 
aurora  both  on  Aug.  11  and  12,  beginning  about  8^  30"*  and  con- 
tinuing till  midnight.  It  was  brightest  on  Aug.  12,  and  the 
spectrum  showed  three  bright  bands  and  a  hasy  band  besides. 
Simultaneously  with  this  display,  disturbances  of  we  magnets  such 
as  have  not  been  observed  for  some  years  past  were  recorded  at 
G-reenwich,  where  magnetic  storms  accompanied  by  strong  earth- 
currents  were  noted  from  Aug.  10  22**  to  Aug.  11  12**,  from  Aug. 
12  o^  to  18^,  and  again  in  the  evening  of  Aug.  13.  iKo  aurora 
was  seen  at  Greenwich,  the  sky  being  doudy  after  10**  on  Aug.  12 
and  13  and  cloudy  throughout  on  Aug.  11. 

At  the  time  of  these  disturbances,  there  were  five  large  spots  on 
the  Sun's  disk,  the  greatest  display  of  solar  activity  that  we  have 
witnessed  for  several  years.  The  largest  of  these  spots  appeared 
at  the  east  limb  about  July  31  or  Aug.  i,  and  on  Aug.  9  (after  a 
period  of  cloudy  weather)  four  other  groups  were  noted  near  the 
hist  limb.— Ed.] 


NOTES. 

The  Augttst  Pebseids. — At  the  Eoyal  Observatory,  Greenwich, 
the  sky  was  generally  unfavourable  on  August  7,  8,  12,  and  13; 
but  on  August  9,  10,  and  1 1  it  was  sufficiently  fine  for  observation, 
although  not  perfectly  good  on  either  of  the  two  last-mentioned 
nights.  The  paths  of  106  meteors  were  recorded  on  August  9, 10, 
and  1 1,  with  the  following  result : — 


Day. 

Total  number 
noted. 

Number  from 
Perseufl  radiant. 

Percentage  from 
Perseus  radiant. 

Aug.     9  . 

10  . 

11  . 

::;  % 

...          19 

39 
27 
II 

76 

75 
58 

The  proportion  of  Perseus  meteors  noted  is  thus  considerably 
greater  this  year  than  in  the  year  1879. 

On  August  10  the  aggregate  number  of  meteors  appearing  in 
each  quarter-hour,  from  9**  to  14**,  was  counted  (without  noting 
the  paths)  by  two  observers,  one  looking  northward,  and  one  south- 
ward.   In  all  129  were  seen,  distributed  as  follows : — 
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Period.         9*  to  ic>. 

io»»tou>'. 

ii*»toiaV 

11*  to  1 3^ 

13*1014^ 

rirst  quarter    . .   6 

2 

8 

3 

8 

Second  quarter..   7 

3 

14 

4 

4 

Third  quarter   . .    2 

8 

4 

10 

10 

Fourth  quarter. .   3    • 

7 

5 

13 

8 

Hourly  totals . .   18  20  31  30  30 

The  number  of  meteors  whose  paths  were  observed  on  August 
10  giving,  as  above,  75  per  cent,  as  the  proportion  of  meteors  from 
the  Perseus  radiant,  this  proportion  will  probably  apply  also  to 
the  preceding  hourly  numbers,  from  which  we  may  conclude  that 
the  greatest  hourly  number  of  Perseus  meteors  on  Aug.  10  was 
under  25. 

The  observations  were  made  by  the  observers  of  the  Magnetical 
and  Meteorological  Department. 

The  Eesisting  MEnnni  aitd  the  Comets  op  1843  akd  i88o*. — 
Prof.  Oppolzer  has  published  two  important  papers  on  t-his  sub- 
ject. In  the  first  he  discusses  the  effect  of  a  resisting  medium  on 
Winnecke's  comet  of  5^  years'  period,  which  has  a  perihelion  distance 
of  about  0*77,  and  compares  the  effects  on  Encke's,  Winnecke's, 
and  Faye*s  comets  respectively.  Winnecke's  comet  has  been  ob- 
served in  1 819,  1858,  1869,  and  1875,  its  identity  with  the  comet 
1819  iii.  of  Pons  having  been  pointed  out  by  Winnecke  in  1858 ;  and 
it  w^l  come  to  perihelion  again  at  the  beginning  of  next  December, 
but  under  unfavourable  conditions  for  observation.  To  satisfy 
the  observations  in  1858,  1869,  and  1875,  Prof.  Oppolzer  finds  that 
it  is  necessary  either  to  diminish  the  mass  of  Jupiter  by  i- 1051th 
part,  or  to  suppose  an  acceleration  in  the  daily  mean  motion  of 
o"'oi436  in  a  revolution,  a  result  which  agrees  closely  with  that 
found  previously  from  the  observations  of  181 9.  Modem  deter- 
minations of  Jupiter's  mass  confirm  so  exactly  the  adopted  value 
found  by  Airy  and  Bessel,  that  the  first  hypothesis  is  in  itself  im- 
probable, and  further  the  observations  are  not  well  represented  by 
it.  Calling  U  the  resistance  of  the  medium  (in  terms  of  the  unit 
defined  by  Encke,  *  Astr.  Nachr.'  Vol.  ix.  No.  210,  p.  332),  Prof. 
Oppolzer  finds,  from  the  acceleration  A/i5=o"-oi436,  that  Us=^^ 
in  the  case  of  Winnecke's  comet,  whilst  Asten  had  found  for  Encke's 
comet  A^  ^o"-io44,  giving  TJ=^^  ('  Observatory,'  Vol.  i.  p.  22X 
a  remarkably  close  agreement.  As  regards  Faye's  comet,  with 
a  value  ^A^  for  U,  the  acceleration  would  be  only  Afi=o"*oo26,  a 
very  small  quantity.  The  absence  of  any  sensible  accelerating 
effect  in  the  case  of  Faye's  comet  therefore  affords  no  argument 
against  Encke's  hypothesis  of  a  resisting  medium.  With  regard 
to  the  secular  variation  of  the  eccentricity,  Prof.  Oppolzer  finds  for 
Encke's  comet  A0=— 3"'68  in  one  revolution  (agreeing  exactly 
with  Asten's  result  from  observation)  ;  for  "Winnecke's  comet 
A^=  —  i"*o8  ;  for  Faye's  comet  A0e=  — o"*32,  where  ^is  the  usual 
angle  of  eccentricity  (sin  0b«). 

*  Astronomische  NachrichteD,  NO0. 1314,  2319. 
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Prof.  Oppolzer's  second  paper  deals  with  the  effect  of  a  resisting 
medium  on  the  comets  of  1843  and  1880.  He  remarks  that  though 
the  identity  of  the  comets  of  1843  and  1880  has  been  commonly 
asserted  on  the  strength  of  the  resemblance  between  their  elements, 
yet  there  is  this  serious  difficulty,  that,  according  to  Hubbard's 
calculations,  it  is  impossible  to  reconcile  the  obseiTations  in  1843 
with  a  period  of  37  years  on  the  theory  of  gravitation  alone. 
Seeing  that  his  investigations  on  the  orbit  of  Winnecke's  comet 
support  Encke's  hypothesis  of  a  resisting  medium  (his  latest  cal- 
culations giving  for  A/i  o"*oi498,  and  for  U  ^^),  he  has  tried 
whether  this  hypothesis  would  also  remove  the  difficulties  in  the 
case  of  the  comet  of  1843,  but  has  only  obtained  negative  results. 
From  formulae  in  which  the  product  of  the  resisting  force  by  the 
small  quantity  i— ^is  neglected,  it  appears  that  with  the  value 
U=^^,  the  influence  of  the  resisting  medium  during  the  period  of 
observation  in  1843  is  almost  insensible,  and  consequently  that 
Encke's  hypothesis  will  give  no  help  towards  the  identification  of 
the  comets  of  1843  and  1880,  since  Hubbard's  investigation,  which 
shows  intolerable  discordances  with  a  period  of  37  years,  holds 
equally  well  whether  the  effect  of  a  resisting  n^edium  be  taken 
into  account  or  not. 

It  might  be  urged  against  this  conclusion  that  possibly  a  sub- 
stantial increase  of  the  constant  of  resistance  U  might  produce 
accordance ;  but  it  may  be  easily  shown  that  for  this  comet  a  sub* 
stantiai  diminution  of  U  must  be  accepted  on  other  grounds.  For 
on  calculating  the  effect  of  a  resisting  medium  with  U=-^^,  it 
appears  that  if  the  comet  of  1843  had  been  moving  in  a  parabola 
before  its  approach  to  the  Sun  in  1843,  it  would  have  had  after 
its  perihelion  passage  a  period  of  about  24  years  ;  and  though  this 
result  is  not  irreconcilable  with  a  period  of  37  years,  yet  in  the 
future  there  would  be  a  rapid  decrease,  so  that  the  next  period 
would  be  only  10  years,  and  so  on — results  which  are  not  supported 
by  observations,  and  are  incompatible  with  the  conclusions  founded 
on  Hubbard's  calculations.  Satisfactory  results  are  obtained  by  a 
diminution  of  U  to  the  tenth  part  of  the  adopted  value  ;  and  such 
an  assumption  is  not  to  be  considered  inadmissible,  since  we  may 
provisionally  assume  that  the  resistance  is  proportional  directly  to 
the  cross  section  of  the  moving  body  and  inversely  to  its  mass. 
Thus,  taking  the  densities  of  the  different  heavenly  bodies  to  be 
the  same  (which,  however,  is  certainly  not  the  case),  the  influence  of 
a  resisting  medium  would  be  inversely  proportional  to  the  radius  of 
the  ball,  and  it  would  suffice  to  assume  that  the  nucleus  of  the 
comet  of  1843  had  ten  times  the  radius,  or,  with  the  same  di- 
mensions, ten  times  the  density  of  Encke's  and  Winnecke*s  comets. 
I  his  assumption  of  the  relation  between  the  value  of  TJ  and  the 
density  and  dimensions  of  the  body  is  in  accordance  with  the  fact 
that  60  far  no  appreciable  effect  of  the  resisting  medium  on  the 
planets  has  been  observed,  and  on  the  other  band  leads  to  the 
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conclusion  that  cosmic  matter  in  a  state  of  very  fine  division  will 
fall  slowly  towards  the  Sim's  surface,  and  will  reach  it  with  « 
nearly  constant  and  definite  velocity,  whatever  be  the  velocity  with 
which  it  came  within  the  sphere  of  the  Sun's  attraction.  But  these 
last  conclusions  only  hold  in  their  extreme  consequences  if  the 
resisting  medium  be  considered  to  be  continuous,  and  not  if  it  be 
imagined  to  be  very  finely  divided  oosmical  matter,  the  luminiferous 
ether  being  at  the  same  time  supposed  to  offer  no  resistance.  We 
are  almost  driven  to  the  hypothesis  of  discontinuity  when  we  con- 
sider that,  according  to  Schiaparelli's  investigations,  the  meteor* 
swarms,  which  would  probably  have  a  very  small  radius  in  pro- 
portion to  the  nuclei  of  comets,  move  with  nearly  parabolic 
velocities.  Certainly  the  resisting  medium  must  be  very  rarefied 
in  the  regions  in  which  the  Earth  moves.  The  numbers  deduced  by 
Schiaparellifrom  Schmidt's  observations  for  the  hourly  frequency  of 
meteor-showers  would  point  to  a  smaller  velocity ;  and  it  even  seems 
to  follow  from  them  that  in  the  region  of  the  Earth  the  meteor- 
swarms  rushing  towards  the  Sun  are  more  numerous  than  those 
moving  away,  which  is  what  Encke's  hypothesis  would  appear  to 
require. 

Prof.  Oppolzer  next  proceeds  to  consider  various  forms  of  dis- 
turbing force  which  might  explain  the  anomaly  in  the  motion  of 
Encke's  comet,  viz. : — (i)  a  force  along  the  radius  vector,  whether 
connected  with  electricity,  with  heat,  or  with  any  thing  else  ;  (2)  a 
force  perpendicular  to  the  radius  vector;  (3)  a  tangential  force 
due  to  the  resistance  of  a  medium.  The  only  assumption  with  re- 
gard to  the  form  of  the  function  is  that  the  disturbing  force  must 
decidedly  increase  with  approach  to  the  Sun. 

Taking  the  hypothesis  of  a  radial  disturbing  force,  a  relation  is 
found  between  A^  and  Aft,  from« which  with  Asten's  value  of  A/i 
for  Encke's  comet,  A^=— 4"*2i,  whilst  Asten's  value  from  ob- 
servations is  A^=  —  3'  •68+o"-i5,  showing  a  decided  discordance 
between  theory  and  observation.  Further,  to  explain  the  acce- 
leration, we  must  assume  that  the  radial  disturbing  force  is,  at  least 
partly,  a  function  of  the  odd  powers  of  the  differential  coefficients 
of  the  radius  vector  with  respect  to  the  time,  an  assumption  which 
would  lead  to  a  finite  velocity  of  propagation  of  the  forces.  This 
is  an  hypothesis  which  could  hardly  be  accepted.  Taking  the 
modified  law  of  attraction,  in  accordance  with  this  hypothesis,  to  be 

-^  (i  —  -1-  W),  where  W  is  a  constant  to  be  determined  by  ob- 
servation of  Encke's  comet,  and  making  the  arbitrary  assumption 
that  W  is  nearly  constant  for  all  comets,  the  acceleration  A/i  for 
Winnecke's  comet  would  be  +  o"'0209,  with  which  the  observed 
value  -f-o"-oi5o  might  be  reconciled  by  altering  the  assumed  value 
of  Jupiter's  mass  (77^)  in  the  direction  of  Bessel's  value.  For 
Faye's  comet  A/x  would  =-f  o"*oo36,  a  small  quantity,  but  hardly 
60  small  as  to  escape  observation.    As  regards  the  comet  of  1843, 
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if  it  had  a  parabolic  orbit  before  its  approach  to  the  Sun,  it  would 
have  had  a  period  of  500  or  600  years  a  few  days  after  perihelion 
passage.  Though  this  result  agrees  with  Hubbard's  most  probable 
ellipse,  it  does  not  help  in  identifying  the  comets  of  1843  and 
1880.  On  the  whole  it  must  be  admitted  that  radial  disturbing 
forces  cannot  be  accepted  wiUi  any  probalnlity  as  explaining  the 
anomalies. 

Since  we  have  no  instance  of  a  displacement  of  the  plane  of  the 
orbit  of  any  comet,  a  normal  force  must  be  supposed  to  act  in  that 
plane;  and  Prof.  Oppolzer  shows  that  the  same  relation  A/xs 

• — 3 .  A^  between  A^it  and  A0   holds  equally  for  a  normal 

a*  cos^ 
force  in  the  orbit-plane  and  for  a  tangential  force,  this  relation 
being  quite  independent  of  the  form  of  the  function  expressing 
this  force.  He  concludes  that  the  empirical  values  of  Au  and  A^ 
accord  completely  with  the  hypothesis  of  a  resisting  medium,  but 
that  the  form  of  the  disturbing  force  is  perfectly  arbitrary. 
Amongst  the  various  forms  which  may  be  suggested,  that  iq  which 
the  density  follows  an  exponential  law,  the  resistance  being  pro- 
portional to  the  density  and  the  square  of  the  velocity,  is  specially 
considered ;  and  from  the  accelerations  for  Encke's  and  Winnecke's 
comets  the  formula  Tangential  force=— c'x  i"'555  e-^'^**  is  de- 
duced {e  being  the  base  of  the  Napierian  logarithms).  "With  this, 
the  following  values  of  the  accelerations  aire  obtained : — 

Ck>met Encke.  'Winnecke.  Faye. 

A/i -f-o"'io44         4-o""oi49         +o"*ooo5 

A^ -3"7i  -  i"'i9  -o"-o7 

This  form  for  the  resisting  force  has  therefore  the  great  ad- 
vantage of  making  the  effect  on  Faye's  comet  almost  insensible. 
For  the  comet  of  1843  it  would  reduce  its  orbit  from  a  parabola 
to  au  ellipse  with  a  period  of  200,000  years.  Prof.  Oppolzer  re- 
marks, however,  that,  in  view  of  the  possibility  that  the  constant 
I "'5 5 5  in  the  above  formula  may  have  different  values  for  different 
comets,  the  numerical  results  are  somewhat  illusory. 

Prof.  Oppolzer  reserves  for  a  future  investigation  the  inquiry 
whether  the  enormous  development  of  the  tails  of  the  comets  of 
18 II,  1843,  and  1880  might  not  afford  an  explanation  of  the 
anomalous  motion  of  the  first  and  of  the  identity  of  the  two  latter, 
remarking  here,  however,  that  the  supposition  of  a  difference  be- 
tween the  centre  of  gravity  of  the  comet  and  the  observed  nucleus 
is  inadmissible  on  the  generally  accepted  theory  of  the  constitution 
of  comets.  Meanwhile  he  would  recommend  caution  in  accepting 
the  identity  of  the  comets  of  1843  and  1880,  as  proved  by  the 
resemblance  of  their  five  elements,  considering  that  in  not  a  few 
instances  comets  known  to  be  different  describe  very  similar  paths, 
coincidences  for  which  plausible  explanations  may  be  easily  found. 
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Abmaoh  Catalogths  of  Staju. — Br.  Eobinson  has  published 

*  Places  of  10,000  Stars,  observed  at  tiie  Armagh  Observatory.' 
The  stars  are  those  of  the  fainter  ones  in  the  *  Histoire  Celeste ' 
(nearly  all  between  the  6th  and  7*5  mag.)  which  have  not  been 
recently  observed  at  other  observatories.  The  instruments  at 
Armagh  not  being  optically  powerful  enough  for  this  work,  the 
mural  circle  was  furnished  with  a  new  telescope  having  an  object- 
glass  of  seven  inches  aperture.  The  observations  were  all  made 
by  the  Be  v.  Cb.  Paris,  in  the  years  1868-76,  each  star  being 
observed  four  or  five  times.  Only  the  mean  results  are  given. 
(Trans.  Eoy.  Dubl.  Soc.,  new  ser..  Vol.  i.  Pt.  9.) — J,  L.  E,  Dreyer, 

TJEANOMfeTBiB  G£n£ral£. — ^The  first  volume  of  the  second  series 
of    the    *'  An  Dales  de  I'Observatoire    de    Bruxelles '    contains   a 

*  Uranom^trie  Generale,'  by  M.  Houseau.  During  a  stay  in  Jamaica 
the  author  resolved  to  form  a  new  IJrauometry,  which  should 
possess  the  advantage  above  all  others  hitherto  published,  that  it- 
was  to  be  the  work  of  a  single  individual,  observing  all  the  stars 
in  both  hemispheres  visible  to  the  naked  eye  within  a  short  space 
of  time.  He  accordingly  commenced  working  on  January  z8, 1 87 5, 
and  the  work  was  finished  on  Pebruary  28,  1876.  He  had  first 
prepared  maps,  on  which  all  the  stars  were  plotted  down  without 
regard  to  magnitude ;  then  every  region  was  gone  over  two  or 
three  times,  and  the  magnitudes  airefully  estimated,  the  six  usual 
classes  being  used,  but  each  class  only  divided  into  two  halves. 
The  atlas  thus  formed  consists  of  five  plates,  on  which  the  stars, 
their  letters,  the  names  and  limits  of  the  constellations  (but  not 
their  figures),  and  the  Milky  Way  are  depicted.  The  latter  has 
been  attended  to  with  great  care,  the  deeper  or  paler  hue  of  the 
light-green  colour  representing  greater  or  lesser  brightness.  The 
equatoreal  zone  between  ±  45°  is  drawn  on  a  cylindrical  projec<3<m, 
the  circles  of  B.A.  and  J)ecl.  being  equidistant  parallel  lines,  and 
the  two  polar  calots  on  a  polar  projection,  the  parallels  being  equi* 
distant  circles.  The  catalogue  of  stars  for  1880  is  divided  into 
four  sections,  separated  by  the  equator  and  the  parallels  of  45^. 
It  contains  5719  stars.  M.  Houzeau  has  examined  the  distribu-^ 
tion  of  the  stars  in  four  ways: — i,  with  respect  to  the  solar 
equator;  2,  with  respect  to  the  direction  of  the  Sun's  proper 
motion ;  3,  perpendicular  to  this  direction  ;  4,  with  respect  to  the 
Milky  Way.  No  law  whatever  was  found  in  the  first  three  ways ; 
while  the  fourth  mode  of  proceeding  confirmed  W.  Struve's  con- 
clusion that  the  density  of  stellar  layers  parallel  to  the  plane  of  the 
Milky  Way  decreases  very  regularly  and  gradually  towards  the  poles 
of  the  ktter.T— J:  L.  E.  Dreyer. 


The  EECTJEBEircB  op  Solab  Eclipses*. — ^This  paper  by  Prof. 

*  Astronomidil  Papers  for 
Vol.  i.  pt.  i.  Tablet  ef  Eclipses. 


^  Astronomicul  Papers  for  the  u^e  of  t)ie  American  Nautical  AlxD«|iac» 
-  ■■     of  EcJ- 


Digitized  by 


Google 


1880.]  Notes.  549 

Newcomb  presents  what  the  author  supposes  to  be  "  a  new  theory 
of  the  recurrence  of  solar  eclipses  founded  on  some  hitherto  unr 
noticed  properties  of  the  1 8-year  eclipse  cycle."    As  a  matter  of 
&ct,  these  properties  have  been  known  to  astronomers  since  the 
times  of  the  Chaldseans,  though  of  late  years  they  have  been  over- 
looked in  the  ordinary  text-books,  and  it  has  been  left  for  Prof. 
Newcomb  to  rediscover  them.     In  the  Saros  or  1 8-year  cycle,  the 
Sun  and  Moon  return  very  nearly  together  to  the  Moon's  node, 
and  they  also  return  very  nearly  to  the  same  anomaly.    Thus  223 
lunations  correspond  to  242-01  returns  of  the  Moon  to  her  node, 
to  238*99  returns  to  her  apogee  or  perigee,  and  to  18  years  and  10^ 
days,  or  very  nearly  18  returns  of  the  Suh  to  apogee  or  perigee. 
By  virtue  of  the  first  relation,  if  the  Sun  and  Moon  were  at  the 
Node  together,  so  that  an  eclipse  took  place,  they  would  be  together 
again  very  nearly  at  the  Node  at  the  end  of  18  years  10^  days,  and 
another  eclipse  would  occur  under  si  milar  circumstances.  But  the  ir- 
regular motions  of  the  Moon  and  Sun  would  disturb  the  recurrence  of 
eclipses  if  it  were  not  for  the  last  two  relations,  by  virtue  of 
which  the  Moon  and  Sun  return  very  nearly  to  the  same  anomaly. 
It  is  to  these  "  two  remarkable  chance  relations  "  that  Prof.  New- 
comb  calls  attention.    It  would  seem,  however,  at  least  doubtful 
whether  the  return  to  the  Node  at  the  end  of  223  lunations  does  not 
rather  deserve  the  title  of  a  remarkable  chance  relation.  For  Ptolemy 
(Almagest,  Book  iv.  Chap,  ii.)  refers  to  the  Saroa  as  a  means  of 
finding  the  length  of  the  mean  lunation,  a  matter  of  the  greatest 
practical  importance  to  the  Greeks  and  other  nations  who  reckoned 
by  lunar  months.    He  states  that  the  ancient  mathematicians 
"  sought,  in  comparing  observations  of  lunar  eclipses,  for  the  period 
which  would  contain  always  a  constant  number  of  lunations  and  a 
constant  amount  of  movement  in  longitude.    The  more  ancient  es- 
timated this  time  at  6585^  days,  in  which  period  they  found  that 
there  were  nearly  223  lunations  completed,  239  returns  of  anomaly, 
242  returns  to  the  same  latitude,  241  revolutions  in  longitude,  and 
io|  days  beyond  the  18  revolutions  of  the  Sun,  considering  their 
restitution  with  reference  to  the  fixed  stars.     They  called  this  time 
periodic,  as  first  restoring  these  different  movements  to  their  ori- 
ginal state."    Afterwards  Hipparchus  deduced  a  more  exact  period 
of  126,007  days  and  i  hour,  at  the  end  of  which  the  time  of  eclipses 
returns  after  a  constant  number  of  lunatipns  and  a  constant  move- 
ment of  longitude,  there  being  in  this  period  4267  lunations  and 
4573  returns  to  the  same  anomaly,  but  not  a  return  to  the  same 
latitude.    Hipparchus  also  deduced  a  period  of   5458  lunations, 
equivalent  to  5923  revolutions,  with  respect  to  the  node,  by  com- 
paring eclipses  of  the  Moon  exactly  similar  in  size  and  duration. 

These  extracts  suffice  to  show  that  the  Greeks  were  fully  alive 
to  the  importance  of  eliminating  the  effect  of  the  irregular  motions 
of  the  Moon  and  Sim,  and  that  they  sought  carefully  for  periods 
which  would  satisfy  this  condition,  imd  bring  about  an  exact  re- 
currence of  eclipses. 
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In  more  modem  times  Halley  called  attention  to  the  property 
of  the  Saros,  which  brings  the  Moon  back  again  to  the  same  ano- 
maly, and  pointed  out  that  the  error  of  the  tables  at  any  given 
date  would  recur  at  the  end  of  i8  years  and  lo  days  "  under  the 
like  circumstances  of  the  same  distance  of  the  Moon  from  the  Sun 
and  Apogason  ;  ^  so  that  the  true  place  of  the  Moon  could  thus  be 
predicted  with  greater  accuracy  (*  Phil.  Trans/  1731,  p.  187).  The 
most  recent  account  that  we  have  met  with  of  the  various  periods 
contained  in  the  Saros  is  the  very  clear  statement  given  by  De- 
lambre  (* Astronomic/  Vol.  ii.  p.  320).  It  is  curious  that  the  im- 
portant properties  of  the  Saros  should  have  been  passed  over  un- 
noticed by  modem  writers,  and  they  would  seem  to  have  been 
generally  forgotten  ;  for  in  two  recent  notices  of  Prof.  Newcomb's 
'  Tables  of  Eclipses '  which  we  have  read,  his  theory  of  the  recur- 
rence of  eclipses  is  spoken  of  as  a  new  method. 

There  is  another  point  of  importance  in  VnA.  Newcomb's  paper, 
viz.,  that  '^  owing  to  the  mean  retrocession  (^28'  from  the  node  in 
each  cycle,  the  corresponding  eclipses  in  successive  cycles  are  sub- 
ject to  a  progressive  chang^e/'  Thus  all  eclipses  may  be  divided 
into  sets,  the  successive  eclipses  of  any  one  set  (separated  by  in- 
tervals of  18  years)  coming  in  at  one  pole  of  t^e  Earth,  and  work- 
ing off  at  the  other  pole  after  sixty  or  seventy  cycles.  Prof.  New- 
comb  has  utilized  this  circumstance  by  the  formation  of  tables  for  the 
calculation  of  the  approximate  elements  of  any  Solar  Eclipse  between 
B.C.  700  and  A.D.  2300.  The  division  of  eclipses  into  sets  and  t^e 
progressive  change  in  the  successive  eclipses  have  long  been  known; 
and  the  facts  are  very  clearly  stated  at  some  length  by  Ferguson 
in  his  'Astronomy.'  He  speaks  of  an  eclipse  as  returning  every  1$ 
years  for  70  or  more  periods,  and  gives  tebles  showing  the  efleet 
of  the  difference  between  the  mean  and  true  places  or  the  Moon 
and  Sun  on  the  successive  returns  of  the  eclipse  which  first  came 
on  the  Earth  in  a.d.  1295,  ^^^  which  will  finally  leave  the  Earth 
inA.D.  2611.  ' 

Geebitwich  Speotrgscopto  and  Photooraphtc  Besultb,  1878 
AND  1879. — These  have  been  published  in  advance  of  the  respective 
annual  volumes  of  Greenwich  Observations,  of  which  they  are  to 
form  part.  The  Spectroscopic  Besults  contain  observations  of 
Solar  prominences  and  determinations  of  motions  of  stars  in  the 
line  of  sight  (32  stars  in  1878,  and  17  in  1879)  n^&de  with  the 
**  Half-prism "  Spectroscope,  and  miscellaneous  observations  of  the 
spectrum  of  the  eclipsed  Moon  and  of  the  spectra  of  comets.  In 
the  Photographic  Results  the  areas,  distances  from  Sun's  centre^ 
and  position-angles  are  given  for  Spots  and  Faculae,  and  the  Helio- 
graphic  longitudes  and  latitudes  for  Spots,  all  for  the  years  1878 
and  1879.  Tables  are  also  given  exhibiting  the  means  of  daily 
areas  of  umbrcB,  whole  spots,  and  faculee  for  each  rotation  of  the 
Sun  and  for  each  year,  and  the  mean  heliographic  latitude  and  mean 
distance  from  the  equator  of  the  spotted  area  for  tlie  whole  range 
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of  years  1874  to  1879.  The  following  are  the  results  from  the 
seven  years'  photographs,  the  means  of  daily  areas  for  the  years 
1873  to  1877  being  taken  from  the  Astronomical  Eesults,  1877: — 


Mean  of  DaUy  Areas. 

Mean 

Mean 

Umbrae.     Whole       Faculae. 

HeLLat 

Dist  from 

Spots. 
. .    116          678          2882 

Equator. 

1873 

0     1 

0      $ 

1874 

.•      83          583          1095* 

-3  2 

10  53 

1875 

..      45         25s         475 

+  1  40 

10  30 

1876 

. .      26         132         226 

-4  14 

II  19 

1877 

..20           92          170 

-4  17 

9  32 

1878 

..5           22           87 

+  7     0 

7  13 

1879 

..10          45         163 

-9  II 

23     I 

1880 

..     45         208        635 

+  6  41 

20  23 

The  means  for  1873  refer  to  the  last  six  months,  and  for  1880 
to  the  first  five  rotations  (not  yet  published). 

The  photographs  indicate  that  the  minimum  both  for  spots  and 
faculsD  occurred  about  1879  January,  there  having  been  a  complete 
absence  of  spots  from  1878  Nov.  11  to  1879  AprU  8,  and  of  faculae 
from  1878  Dec.  13  to  1879  Feb.  8,  and  again  from  Feb.  19  to 
April  4.  The  rapid  increase  in  the  last  quarter  of  1879  is  very 
marked  and  is  accompanied  by  an  increase  in  the  mean  distance 
from  the  Sun's  equator,  corresponding  with  the  law  that  the  spots 
are,  on  the  whole,  further  from  the  equator  at  maximum  than  at 
minimum.  The  individual  results  show  the  increase  in  an  equally 
striking  manner.  Thus  the  latitudes  of  spots  range  from  0°  to  15® 
in  1878,  and  from  12°  to  35°  in  the  last  four  months  of  1879  and 
in  the  first  four  of  1880.         

With  reference  to  Prot  Langley's  remark  (*  Observatory,'  No. 
40,  p.  504)  that  "  till  i860  it  was  uncertain  whether  the  protu- 
berances belonged  to  the  Sun  or  Moon,"  Sir  G.  B.  Airy  calls 
attention  to  his  observations  of  the  eclipse  of  1851  (Mem.  E.  A.  S. 
vol.  xxi.  p.  I,  <&c.),  which  showed  that  the  Moon's  disk  in  its 
passage  over  the  Sun  covered  up  prominences  on  one  side  and  un- 
covered others  on  the  other  side,  indicating  that  the  prominences 
belonged  to  the  Sun  and  not  to  the  Moon.  Drawings  and  diagrams 
are  given  which  estabhsh  this  fact  in  the  clearest  manner. 

We  learn  from  '  Nature '  that  Faye's  comet  was  picked  up  on 
Aug.  2  by  Mr.  Common  with  his  large  reflector,  in  the  position 
given  by  Axel  Moller^s  ephemeris.    It  is  extremely  faint. 

Editob. 

*  This  resalt  is  too  lonall,  ns  many  of  the  photographs  taken  during  the 
earW  part  of  1874  do  not  show  the  faoulne  with  sufficient  distinctness  to  allow 
of  tbdr  measurement.  The  mean  daily  area  for  the  half-year  beginning  1874, 
July  2,  is  1257. 


Digitized  by 


Google 


552 


Red  Spot  &n  Jupiter. 
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Elements  and  Ephemeris  of  Comet  b  1880  (SchdherWs)* . 

Bj  M.  BlOOFBDAJT. 

The  following  elements  have  beea  deduced  from  three  normal 
places  formed  from  observations  (1)  on  April  8, 10,  ii,  13  ;  (2)  on 
April  26,  28,  29,  30  ;  (3)  on  May  14,  16,  17,  18 ;  and  thej  satis- 
factorilj  represent  aU  the  observations  from  April  6  to  Maj  18  :-^ 

Per.  Pass.  1880,  July  i*-83846  Paris  M.T. 
Long.  Per.      42°  30'  56"- 1         Liclination  123^  3'  36"* i 
Long.  Node  257    15  13  -3        Log.  Per.  Dist.  0*258474 
Mean  Equinox  1880*0. 

Ephemeris  for  12*'  Paris  M.T. 


1880. 

RA. 

Deo. 

Log.  A. 

Brightnen. 

Sept.    2 

..  6*^58"    3-9 

23^ 

31'  35  N. 

0-36709 

0-83 

4 

.   6    57 

24-9 

22 

SI  36 

0-36183 

0-84 

6  . 

.   6   56 

39  -5 

22 

10  44 

0-35641 

0-85 

8  . 

.   6   55 

47*5 

21 

28  57 

0-35083 

0-86 

10  . 

.   6    54 

48-6 

20 

46     9 

0-34509 

0-88 

12  . 

.   6    53 

42-3 

20 

2   16 

0-33921 

0-89 

14  . 

.   6    52 

28-4 

19 

17   16 

0-33319 

0-90 

16  . 

.  6   SI 

6-5 

18 

31     4 

0-32705 

0*92 

Oct.    2  . 

.  6   34 

35 -o 

II 

29  39 

0-27505 

i-o6 

4. 

.    6  31 

42  -4 

10 

29  35 

0*26849 

ro8 

6  . 

.   6   28 

37-6 

9 

27  43 

0-26201 

i-io 

8  . 

.   6   25 

20  •! 

8 

24     3 

0-25564 

I-I2 

10  . 

.   6   21 

49-6 

7 

18  36 

0-24941 

I-I4 

12  . 

.    6    18 

5-9 

6 

II   21 

0-24339 

116 

14  . 

.   6    14 

8-8 

5 

2  24  N. 

0-23759 

I-I7 

The  brightness  at  the  date  of  discovery  (April  6)  is  taken  as  unity. 
The  comet  is  approaching  the  Earth,  and  receding  slowly  from  the 
Sun,  throughout  September  and  October. 


Sept. 


of  Transits 
h 

I.-     9-S 

of 

Red  Spot 

across  Cent 

Sept. 

II. . 

77 

2..    15-3 

12.. 

13-5 

3.-    "I 

13     • 

9*3 

4..     7-0 

14.. 

15-1 

S--   12-7 

15- 

10-9 

6..     8-6 

16.. 

6-8 

7.-   14-4 

17.. 

12-6 

8..     IO-2 

18.. 

8-4 

9..   i6-o 

19.. 

14-2 

10..   II-8 

20. . 

lo-o 

Sept. 


h 

21.. 

59 

22.  . 

11-7 

23- 

7*5 

24.. 

ns 

25- 

9-1 

26.. 

14-9 

27.. 

IO-8 

28.. 

6-6 

29.. 

12-4 

30.. 

8-2 

*  Comptee  Bendiu  Yol.  zci.  Nos.  2  and  3. 


Digitized  by 


Google 


1880.] 


Astronomical  Memoranda. 


553 


Astronomical  Memoranda,  iS8o,  September. 

Sun.  Sept.  I,  sets  6^  44",  rises  17**  16";  Sept.  11,  sets  6*"  22"», 
rises  17^  32";  Sept.  21,  sets  5**  59",  rises  17*  48";  Oct.  i,  sets 
5*»  s^'^y  rises  18**  4". 

Equation  of  Time : — Sun  before  Clock,  Sept.  i,  o"  i7" ;  Sept..  11, 
3"  38*;  Sept.  21,  7"  lo*;  Oct.  I,  10"  31*. 

Sidereal  Time  at  Mean  Noon: — Sept.  i,  lo**  44"* i;  Sept.  11, 
,,h  23»-5  ;  Sept.  21, 12*'  3"^o;  Oct.  i,  i2*»  42"-4. 


Moon. 

rises. 
h      m 

h       m 

rises. 
h      m 

Sept.    I. 

.14     43 

Sept 

.  II. 

•   9     35 

Sept 

.21. 

.   6     37 

2. 

•15     54 

12. 

.10     44 

22. 

.   7       6 

3. 

•17       7 

13- 

.12       3 

23. 

.   7     40 

4. 

14. 

.13     25 

24. 

.   8     24 

5. 

15- 

.14     48 

25' 

.   9     14 

6. 

.    sets. 

16. 

.16       8 

26. 

.  10     14 

7. 

.   6     59 

17. 

.    rises. 

27. 

.11     17 

8. 

.   7     23 

18. 

'   5     34 

28. 

.12     26 

9. 

.   7     56 

19. 

.   5     54 

29. 

.13     3<5 

10. 

.  8     39 

20. 

.  6     14 

30. 

.14    48 

New  Moon,  Sept,  4>  4**  52";  First  Quarter,  Sept.  11,  6^  25™; 
Full  Moon,  Sept.  18,  3**  29";  Last  Quarter,  Sept.  25,  23*"  9". 

Mercury  is  a  morning  star  in  the  E.N.E.  till  Sept.  16,  when  he 
.  is  in  superior  conjunction. 

Ventu  and  Mars  are  both  evening  stars,  setting  soon  after  the 
Sun.    They  are  in  conjunction  with  each  other  on  Sept.  7. 

Jupiter  is  in  Pisces,  rising  soon  after  sunset.  Diameter: — 
Sept.  I,  44"-8;  Oct.  i,  46''-8. 

Sept.    I,  E.A.  i^  ii"-i,  Dec.  5°  51'  N.,  tr.  14**  25",  rises  7**  51" 
Oct.     I,  o   58  '9  4   31  N.,       12    14  5    48 

Daily  rate  of  rotation  87o°-74=2'  150*^-74;  Hourly  rate  36°-2 8  ; 
Period' 9**"92 2.  (Derived  from  Mr.  Marth's  Ephemeris  for  Physical 
Observations  of  Jupiter,  *  Monthly  Notices,*  May  1880.) 

Saturn  is  situated  at  about  one  third  of  the  distance  from 
a  Piscium  to  j3  Arietis. 

Sept.    I,  E.A.  i^  49~-9,  Dec.  8°  27'  N.,  tr.  1$^   3"»  rises  8»»  17" 
Oct.     I,  I    43  '6  7    45  N.,        12    59  6    16 

Outer  Ring.  Inner  Bin^.  Ball. 

Ifaj.  Atib.     Min.  Ails.  M^j  Axis.      Mm.  Axis.  Diam. 

Sept.  II    ..         44"-oo         ii"-54  '    29"-26         7"-67  i7"-6 

Oct.     I    ..         44-83        11-36  29  -81         7  '55  18  -o 

The  south  side  of  the  rings  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  15^  12'  S.  on  Sept.  11,  and  14°  41'  S.  on 
Oct.  I,  and  of  the  Sun  13°  56'  S.  and  m""  12'  8. 
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Sept. 


J%«iumi^na. 

G.  M.  T. 

G.  M.  T. 

h 

m 

h 

m 

.   I 

II 

21  J.  i  Ec.  D. 

Sept.  18 

9 

36  J. iTr.  E. 

14 

24  J.  i  Oc.  E. 

20 

10 

43   104   Piscium 

2 

9 

29  J.  i  Tr.  I. 

Oc.  B.  330°. 

II 

42  J.  i  Tr.  E. 

21 

9 

28  J.  iii  Sh.  I. 

3 

8 

50  J.  i  Oc.  B. 

II 

21  J.  iiiTr.  I. 

II 

17  J.  iii  Ec.  D. 

12 

7  J.  iii  Sh.  E. 

13 

48  J.  iii  Ec.  B. 

12 

51  [782]  Oc.  B. 

14 

48  J.  iii  Oc.  D. 

224°. 

16 

56  J.  iii  Oc.  B. 

13 

30  J.  iii  Tr.  E. 

7 

6 

?rfc?,S3i' 

16 

21  J.  iiEc.  D. 

N. 

22 

10 

33  T  Arietifl  Oc. 

II 

II  J.  iiEc.  D. 

B.  273^ 

15 

15  J.  ii  Oc.  B. 

23 

II 

29  J.  ii  Tr.  I. 

8 

13 

15  J.  i  Ec.  D. 

14 

5  J.  ii  Tr.  E. 

16 

10  J.  i  Oc.  B. 

14 

42  J.  i  Tr.  I. 

9 

9 

31  J.  ii  Tr.  E. 

16 

54  J.  i  Tr.  K 

II 

14  J.  i  Tr.  I. 

24 

II 

34  J.n  Ec.  D. 

13 

27  J.  i  Tr.  E. 

14 

5  J.  i  Oc.  B. 

lO 

10 

36  J.  i  Oc.  B. 

25 

8 

52  J.  ii  Oc.  B. 

IS 

19  J.  iii  Ec.  D. 

9 

8  J.  i  Tr.  L 

II 

7 

26   fl      Ophiuchi 

II 

20  J.  i  Tr.  E. 

Oc*  184^ 

13 

34  I  GTemin.  Oc. 

13 

7 

14  50  Sagitfc.  Oc. 

B.  243^ 

D.  61°. 

17 

3  3  Oemin.  Oc. 

9 

42  [6671]  Oc.  D. 

B.  267°. 

84^ 

18 

43  6  Qemin.  Oc 

14 

8 

3  J.  iii  Tr.  I. 

B.  293°. 

8 

7  J.  iii  Sh.  E.-. 

26 

8 

31  J.  i  Oc.  B. 

9 

39  [7043]  Oc.  D. 
73^*. 

II 

33  d  Oemin.  Oc. 
B.  208^. 

10 

II  J.  iiiTr.  E. 

27 

13 

4o^Q«mm.Oc.* 

13 

12  [7097]  Oc.  D. 

351^ 

102°. 

28 

6 

9d(y,?6'S. 

13 

46  J.  ii  Ec.  D. 

13 

30  J.  iii  Sh.  I. 

15 

IS 

10  J.  i  Ec.  D, 

14 

37  J.  iii  Tr.  I. 

16 

9 

12  J.  iiTr.  I. 

16 

8  J.  iii  Sh.  R 

II 

49  J.  ii  Tr.  E, 

16 

48  J.  iii  Tr.  E. 

12 

58  J.  i  Tr.  I. 

30 

13 

45  J.  ii  Tr.  I. 

15 

II  J.  iTr.  E. 

16 

21  J.  iiTr.  E. 

17 

9 

12 

39  J.  i  Ec.  D. 
20  J.  i  Oc.  E. 

16 

2S  J.  i  Tr.  I. 

*  A  near  approach. 

The  angles  at  Oc  D.  and  B.  are  reckoned  from  the  apparent  N. 
point  towards  the  right  of  the  Moon's  inverted  image. 

EOITOB. 
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Practical  Spectroscopy  m^88o.-^Part  HI. 

G-AS-TACTTUH-TimS  SPXOTBA. 

BiTT  there  is  another  class  of  electrical  spectra  not  requiring  the 
above  expensive  apparatus ;  and  though,  from  the  small  size  of  its 
sparks  (an  inch  long),  it  might  be  inserted  between  our  columns 
of  lamp-flame  and  2 -inch  electric  sparks  uncondensed,  yet  it  gives 
more  spectral  references  than  all  the  chemicals  burned  in  both 
these  other  methods ;  while,  at  the  same  time,  it  opens  up  some 
magnificent  views  into  both  the  effects  of  time  and  some  of  the  con- 
ditions of  worlds,  stars,  sons,  and  even  the  general  nature  of  things* 
This  class  of  spectra  is  that  of  the  permanent  gases  enclosed  in 
so-called  '^  gas-vacuum  tubes." 

By  being  there  almost  infinitelv  attenuated  in  the  vacuum- 
making  process,  the  constitution  of  the  gaseous  residue  may  be 
more  powerfully  looked  into,  and  more  signally  exercised  by  a  very 
small  electric  force,  than  when  in  the  denser  condition  of  the 
pressure  of  the  whole  atmosphere ;  while,  in  so  far  as  the  sub- 
stances examined  are  permanent  gases,  they  are  evidently  always 
in  the  most  suitable  state  for  exact  spectroscopy;  which  dis- 
criminates nothing,  throughout  all  its  panorama  ot  coloured  light, 
until  the  introduced  substance  has  been  by  some  means,  though 
only  temporary  and  evanescent,  raised  into  a  gaseous  condition  for 
the  time. 

Thanks,  then,  to  the  vacuum-tube  of  Geissler  and  Pliicker,  next 
after  the  homely  facilities  of  lamp-flame  chemical  lines,  we  may  now 
employ  for  spectrum  reference  place  the  three  chief  lines  of 
Hydrogen — Bed  Hydrogen  or  H^^,  Glaucous  Hydrogen  or  H^,  and 
Violet  Hydrogen  or  Hy,  as  seen  in  any  vacuum-tube  of  that  gas 
when  rendered  incandescent  by  any,  even  the  smallest  possible, 
induction-spark ;  and  very  well,  even  most  respectably,  shown,  by 
one  mere  pint-sized  bichromate  cell,  and  suitably  little  coil,  pro- 
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ducing  a  spark  in  free  air  of  only  0*3  inch  long.  These  three  H 
lines  too,  though  seen  thus  so  easily  at  the  lowest  electric  tension, 
have  the  further  •recommendation  that  they  are  equally  or  more 
visible  in  the  condensed  electric  sparks,  and  are  grand  in  the  Son 
itself  as  the  lines  C,  F,  and  ^  near  &/*  their  places  being  thus  in 
the  several  independently  formed  lists  already  referred  to  :— 


Name  of  8pectnim-line. 

Speotrum-plaoe  in  the  oaUloguea  of 

Simple  induc- 
tion-epwka. 

Condenaed 

induction- 

sparks. 

The  Sun. 

Bed  Hydr^en 

Glaucous  Hydrogen  . . 
Violet  Hydrogen  *    . . 

38707 
5225s 

58525 

38707 
52252 

58524 

38706 

52254 
58525 

But  it  is  a  long  way,  "  a  far  cry  "  from  Eed  to  Glaucous  H ; 
and  how  a  previous  lamp-flame-spectrum  observer  does  miss  his 
old  accustomed  reference  the  salt,  or  Solar  D,  line  at  W.N.  place 
=  43, 1 08 !  That  line's  miif  ormifcy  of  presence  in  every  thing  burned 
in  flame  led  that  grand  man  of  his  time,  the  lat«  Fox  Talbot,  in  days 
preceding  the  rwe  of  known  spectrum  analysis,  to  believe  it 
must  be  a  result  of  watery  vapour  in  the  air,  in  place  of,  as  subse- 
quently shown  by  Professor  Swan,  the  presence  everywhere  of 
chloride  of  sodium  salt — a  material  which  chemists  can  keep  out  of 
nothing  that  they  make ;  every  thing  earthly  being  s^ted  with  that 
salt,  even  down  to  the  minutest  motes  in  a  sun-beam,  or  the  dust- 
specks  floating  in  the  air. 

Nevertheless  the  salt  line  is  rarely  seen  in  any  vacuum-tube ; 
its  vapours  apparently  refuse  to  rise  to  the  call  of  the  simple 
electric  spark,  not  even  when  that  excellent  workman,  Herr 
Geissler  kindly  prepared  for  me,  shortly  before  his  death,  two 
hydrogen  tubes  enclosing  a  considerable  quantity  of  salt.  The 
want,  however,  of  a  reference  line  about  hal^w^ay  between  Bed  and 
Glaucous  H,  was  supplied  soon  afterwards  at  home  in  Edinburgh, 
and  in  a  far  more  legitimate  manner ;  or  thus : — 

Finding  that  all  M.  Geissler's  tubes  gave  only  very  faint  spectra 
when  viewed,  as  they  must  be,  transversely  to  the  line  or  length  of 
their  illuminated  capillary,  and  that  only  a  very  small  part  of  all 
that  long  line  could  be  utilized  at  one  time  in  the  spectroscope,  so 
that  ikej  wero  actually  wasting  ^^  of  the  light  they  gave  out  by 

*  The  fourth  line  of  this  series,  discoyered  by  Aogstrcm,  is  barely  within 
range  of  unoondensed  sparks,  but  may  be  described  and  placed  thus: — 
*•  Lavender  H  or  Solar  h  in  W.N.  place  =6 1,935  by  condensed  spark,  and  61,931 
in  the  Suxl" 
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sadly  expensive  galvanic-battery  fluid  consumption,  T  had  other 
tubes  prepared  for  toy  work  by  M.  Salleron,  of  a  shape  to  be 
viewed  end-on,  and  thereby  utilize  in  one  little  disk  the  whole  of 
the  light  through  all  the  length  of  the  capillary.  No  sooner  was 
this  done,  and  l^e  spectrum  nicely  focused,  than  the  brighter  view 
so  obtained  immediately  revealed,  besides  the  three,  or  even  four, 
standard  hydrogen  lines  looking  brighter  than  ever,  an  immense 
number  of  what  may  be  called  low-temperature  lines  of  hydrogen. 
Low  temperature,  because  while  so  conspicuous  here  with  uncon- 
densed  sparks  of  small  size,  they  have  not  been  noticed  by  any 
of  the  greater  spectroscopists,  who  use  terrific  6-inch  sparks  fear- 
fully condensed ;  nor  have  they  been  identified  in  the  superlatively 
heated  Sun.  And  amongst  these  low-temperature  H  lines,  all  of 
them  sharp,  neat,  admirable  lines  for  mensuration  purposes,  some 
single,  some  double,  and  others  grouped  in  varying  ways,  there 
is  one  of  surpassing  beauty — of  so  light  and  citron-coloured  a  yellow 
as  in  its  superior  brightness  to  impress  the  eye  with  the  aspect  of 
white ;  flanked,  too,  on  either  hand  by  three  or  four  very  thin  lines, 
reminding  one  altogether  of  "  Alcyone,**  the  chief  of  the  "  Pleiades 
group  of  stars,"  and  suggesting  as  the  name  for  this  line,  and  new 
reference,  "LuoidaH,**  its  place  being  at W.N.  =43,698,  or  between 
the  much  missed  sodium  lines  and  that  most  inscrutable  luminous 
phenomenon  in  Nature,  the  Aurora  line  at  or  near  45,640  W.N. 
place ;  and  than  which  there  is  nothing  more  requiring  a  trust- 
worthy spectrum-place  reference  in  its  immediate  neighbourhood. 

Touching  next  on  Oxygen,  the  end-on  method  of  vacuum-tube 
shows  xiB,  first,  all  our  hydrogen  friends  over  again,  though  faintly, 
for  they  cannot  apparently  be  kept  out  of  the  manuracture  in 
more  or  less  degree ;  and  they  are  living  there,  happily  in  perfect 
peace,  with  the  gas  they  are  supposed  to  be  always  ready  to  explode 
with,  on  a  light  being  applied;  for  the  oxygen  lines  are  there 
too.  These  oxygen  lines  are  the  four  low-temperature  lines  well 
described  by  Dr.  Schiister  in  the  *  Transactions  of  the  Eoyal 
Society  of  Loudon,'  two  years  ago ;  but  supplements  now  by  three 
others  of  the  same  kind,  which  the  end-on  vision  has  yielded  to  the 
Edinburgh  observers.  So  that  an  oxygen  tube  for  place  reference 
may  afford  any  one  the  following  convenient  mile-stones  (p.  558). 

But  the  real  spectrum  of  oxygen,  say  some  of  the  chief  authorities 
of  the  day,  is  the  high-temperature,  condensed- spark  spectrum ; 
and  though  three  of  Us  lines  have,  as  above  noted,  some  resemblance 
in  place,  they  are  not  its  chief  lines  ;  and  the  spectrum,  take  it  all 
in  all,  is  so  entirely  different  as  to  have  no  less  than  sixty  lines 
between  39,000  and  62,000  of  W.N.  place.  Now  we  also  allow 
that  oxygen  has,  in  good  truth,  that  numerously-lined  spectrum  at 
high  electric  temperature;  but  then  we  also  find  this  other  spectrum 
at  low  temperature ;  and  if  it  is  not  the  spectrum  of  oxygen  at  that 
temperature,  we  should  be  very  glad  to  be  told  what  it  is  the 
spectrum  of,  simple  or  compound. 

Meanwhile  the  seven  chronicled  lines  remain  at  their  posts,  ready 
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Colour  of  oijgeQ 
line. 

Inten- 

sitj. 

Waye-number  place  in 

Simple 
spark. 

Condensed 
spark. 

The 
Sun. 

Ultra  red   

Red    

Scarlet-red 

Orange  

Citron     

Green 

Violet 

I 

1-5 
3 
5 
3 

5 
6 

32585 
36218 

39336 
41254 
46729 

47659 
58156 

39367? 

/  47  565  \  9 
1  47  720  J 
58176? 

0 
0 
0 
0 
0 

0 

0 

for  tbe  service  of  any  spectroscopist  in  his  daily  work ;  and  we  pass 
on  to  consider  the  other  great  constituent  of  the  atmosphere 
wherein  the  earth-globe  is  wrapt,  and  in  which  we  live,  and  move, 
and  have  our  being,  viz.  nitrogen ;  and  the  moment  we  look  at  it 
in  the  end-on  tube  spectroscope,  oh !  what  a  spectrum  meets  us 
there ! 

Hydrogen  is,  of  course,  present  more  or  less  as  a  most  insinuating 
impurity,  but  it  by  no  means  prevents  us  from  also  seeing  that  the 
direct  effects  of  nitrogen,  under  simple  spark  illumination,  are  to 
fill  the  whole  universe  of  the  spectrum  with  light ;  not  in  absolute 
continuitv,  but  in  closely  following  bands, — bands  sharp  on  the  left, 
fading  off  towards  the  right ;  and  who  shall  recognize  or  distinguish 
one  from  another,  when  there  are  something  like  170  of  them  ? 

Fortunately  for  our  guidance,  Nature  herself  has  grouped  most 
of  them  into  quartets  and  triplets  through  all  the  red,  orange, 
yellow,  citron,  and  green  regions,  giving  them,  under  low  dispersion, 
a  sort  of  corduroy  effect ;  but  after  that,  or  in  the  sul^equent 
parts  of  the  spectrum  in  the  direction  of  greater  refrangibility,  the 
bands  stand  single,  far  apart,  like  a  row  of  blue  and  violet 
grenadiers,  finishing  off  that  end  of  the  spectrum  grandly.  The 
previous  red  end  of  it  begins,  according  to  Thal^n,  with  faint  bands 
of  haze,  in  about  36,970  W.N.  place  ;  but  the  real  commencement 
is  much  earlier,  according  to  our  end-on  tubes,  or  in  33,900 
W.N.  place ;  where,  as  Prof.  Aiex.  Herschel  has  established  in  a 
paper  now  before  the  Boyal  Socio tv  of  Edinburgh,  there  is  some* 
thing  like  an  upthrow  of  four  thin,  sharp  hard  lines,  and  then 
follow  the  haze  bands  in  quartet-groups,  at  the  same  interior  inter- 
vals as  the  lines.  And  what  exquisite  things  those  bands  of  nitrogen 
are,  when  well  examined  thro  ugh  their  brighter  regions ;  so  gauzy 
in  texture,  just  resolving  into  linelets  under  high  dispersion,  but 
each  of  them  beginning  on  the  left  with  an  exceedingly  thin  line, — 
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as  good  to  tbose  whose  spectroscopes  can  show  it  as  any  of  the 
orthodox,  solitary,  solid  lines  of  spectrnm-place  reference, — until 
we  come  to  the  blue  grenadiers,  and  then  each  of  those  bands 
begins  with  a  Boman  Lictor's  bundle  of  thin  lines,  but  offering  also, 
in  its  central  axis,  an  excellent  reference  for  place.  As  these  more 
refrangible  bands,  too,  are  so  easy  to  separate  one  from  another, 
and  occur  in  a  part  of  the  spectrum  where  the  other  elements 
seldom  make  many  distinct  marks,  we  may  as  well  give  their 
places,  i,  e.  the  places  of  the  centres  of  their  leading  staves,  thus : — 

The  closing  hands  of  Nitrogen^ s  lotu-temperature  spectrum. 


The  beginning  of  each. 

Intenrity. 

Waye-number  place. 

Glaucous  band 

0-5 
0-5 

2*0 
I'O 

3'o 

30 

3-0 
3-0 
4.0 
4-0 
4-0 
4-0 
4-0 
3-0 
4-0 
4-0 
3'o 

2'0 
2*5 

i'5 
0-5 

49566 

49  846 

50  161 

50497 
51656 

52794 
53  811 
54456 
54655 
55556 
56607 
57530 
58311 
58484 
59470 

60457 

61  318 

62  006 
62  530 
63492 
64296 

Bine  band  .............. 

Tndip'o  band   .... 

Violet  band    

Lavender  band 

It  is  a  pity  that  so  important  a  reference  spectrum,  and  which  is 
to  be  seen  so  clearly  in  every  nitrogen  vacuum-tube,  when  illumi- 
nated by  simple  sparks,  cannot  be  allowed  to  remain  always  attached 
by  name  to  so  distinguished  a  gas.  But  the  exacting  theories  of 
some  physicists  have  compelled  them  to  raise  a  cry  that  it  is  not 
nitrogen  at  all,  but  an  oxide  of  that  gas,  their  reasons  being, 
apparently,  tv^o—Jirst,  that  a  spectrum  of  bands  is  a  characteristic 
of  oxides  generally ;  and,  second^  that  the  real  spectrum  of  nitrogen 
is  a  totally  different  thing,  or  an  arrangement  of  a  few  exceedingly 
bright  lines,  and  comes  out  only  with  ^e  condensed  spark. 

This  latter  part  of  the  second  objection  is  to  a  certain  extent  true, 
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for  every  one  allows  that  in  the  high  temperature  of  ccmdensed  elec^ 
trie  sparks  the  nitrogen  spectrum  is  a  linear  one,  exactly  as  described 
above ;  and  so  it  appears,  quite  as  a  matter  of  course,  whenever 
such  great  spectrosoopists  as  Dr.  Huggins,  with  his  enormous 
batteries  and  Leyden  jars  in  series,  give  us  the  spectrum  either  of 
air  or  of  nitrogen.  But  that  cannot  limit  what  Nature  has  long  ago 
appointed  to  nitrogen  to  show  under  other  circumstances,  when, 
too,  it  can  no  longer  exhibit  its  high  temperature  lines ;  and  as  to 
the  first  objection,  we  are  informed  that  metallic  oxides  usually 
turn  their  bands  just  the  other  way  to  those  we  have  been 
describing,  viz.  with  their  intenser  edges  towards  the  right. 

Chlorine,  again,  und^r  the  simple  spark  illumination,  gives  out 
at  once  a  linear  specttum,  of  which  the  chief  lines  are  placed 
nearly  thus ; — 


f  41  420 

Orange  region -{41  572 

I  41  724 
r  46540 
Citron  region,  a  strong  quartet,  the  third  line  the 
strongest,  the  fourth  line  the  weakest 


46652 

46834 

L  47  105 

Green  region,  a  grand  double  line ;  forming  t^  a  of  f  48  647 
the  whole  spectrum , ^ ... ,  |  48  680 

f  52  695 
Glaucous  region ^  52  8x2 

I  52  972 

And  Iodine  makes  an  extraordinaiy  tube ;  with  more  general 
luminosity  than  any  other,  if  required  tor  mere  vulgar  illuminating 
purposes ;  but  in  the  spectrum,  and  low-temperature  spark  <S 
course,  giving  a  perfect  superfluity  of  lines ;  for  from  red  to  violet 
there  is  nothing  but  lines,  lines,  nnes — almost  all  of  them,  too,  so 
very  bright,  that  there  is  some  difficulty  in  identifying  any  one  in 
particular. 

How  different  are  the  tubes  containing  Carbon  in  any  of  its 
vaporizable  forms !  That  vaporability  being  an  essential  condition 
here ;  and,  therefore,  with  this  most  refractory  material,  when 
required  for  the  service  of  the  low-tomperature,  simple,  electric 
sparks  which  we  are  now  confining  ourselves  to,  we  must  have  its 
nature  modified  beforehand,  by  being  introduced  into  the  tube  as  a 
compound  gas,  say  either  carbonic  oxide,  cyanogen,  or  olefiant 
gas.  This,  too,  being  qmie  a  parallel  example  with  that  classic 
case  of  M.  Lecoq  de  Boisbaudran  in  liis  examination  of  platinum ; 
for  his  simple,  uncondensed  sparks,  though  two  inches  long,  could 
develop  nothing  out  of  pure  platinum  wire ;  but  the  moment  he 
tried  the  same  spark  on  a  chloride  salt  of  the  metal,  a  spectrum  of 
platinum  appeared  immediately. 
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Prooeeding,  then,  in  this  manner,  firH^  on  carbonie  oxide,  we 
find,  after  its  hydrogen  impurities,  the  carbon  baiids  majestic—* 
sharp  on  the  left,  and  shading  o£E  through  long  spectral  ranges  on 
the  right ;  but  all  the  brighter  part  of  the  way  resolving  dearly 
into  the  sharpest  and  most  exquisite  linelets  imaginable,  and 
actually  thousands  in  number.  Some  theorists,  indeed,  will  still 
push  their  way  in,  and  insist  that  it  is  not  a  spectrum  of  carbon, 
but  of  a  compound ;  for  the  true  carbon  spectrum  is  one  of  eleven 
lines  only,  as  seen  in  condensed  6-inch  sparks  every  day.  But  as 
they  cannot  show  that  spectrum  in  our  low-temperature  tubes 
without  introducing  condensed  sparks,  and  so  r^dsing  the  tem- 
perature, we  doubt  that  theory ;  and  trust  we  are  justifi^  in  giving 
the  following  little  table  of  ''  low-temperature  carbon-band 
beginnings ;''  as  a  boon,  too,  for  every  wanderer  in  spectrum  land, 
so  often  amongst  other  spectra  will  these  bands  be  met : — 


Oarbon-band  beginnings. 


Eed  .... 
Scarlet-red 
Light  red 
Orange  . . 
Yellow  .. 
Citron 

Green 

»>     .  .  •  • 
Glaucous 

»> 

» 
Blue    .... 
Indigo    . .  . 

Violet 

Lavender    . 


Intensity.     Waye-number  place. 


I   ^ 

36970 

3 

38357 

3 

40327 

4 

41789 

I 

43665 

4 

45296 

I 

47059 

5 

48874 

I 

50648 

3 

52550 

I 

54076 

4 

56331 

3 

57805 

I 

58887 

I 

60347 

2 

61  486 

I 

62  627 

With  the  second  carbon  compound,  viz.  cyanogen,  or  carbon  and 
nitrogen,  we  have  two  gases,  each  of  which  yields  bands  at  low 
temperature ;  so  what  a  full  spectrum  they  do  make  together — 
carbon  bands  and  nitrogen  bands  intercalating  with  each  other, 
overlying  each  other,  but  never  mixing ;  and,  though  confusing 
enough  to  an  unaccustomed  eye,  yet  never  altering  the  spectrum- 
places  of  their  beginnings  by  the  smallest  quantity.  But  there 
seem  also  to  be  some  lines  peculiar  to  the  compound — cyanogen, 
the  most  notable,  being  a  grand  violet  line  in  59,400,  W.N.  place  ; 
very  nearly,  but  not  exactly,  the  place  of  the  chief  line  of  the  high- 


Digitized  by 


Google 


563  Practical  Spcctro9ecpy  m  1880.  [No.  42. 

temperataro  Bpeotrom  of  pure  carbon,  cnr  59,540,  acccnrding  to 
M.  Thal^n. 

And,  thirds  comes  the  compound  of  carbon  with  hydrogen, 
represented  here  by  olefiant  gas.  In  this  spectrum,  carbon  bands 
appear,  also  pure  hydrogen  lines ;  but  besides  them  l^ere  now 
come  out  most  markedly  the  several  mile-stone  lines  of  each  of  the 
several  bands  of  the  compound  ''  carbo-hydrogen,"  just  as  all  the 
world  has  so  long  been  acquainted  with  that  spedsrum  in  a  blow- 
pipe flame  of  coal-gas  urged  with  atmospheric  air.  The  first  line 
of  each  of  these  groups  being  in  W.N.  place,  the  orange  in  41,060, 
the  citron  in  45,086,  the  green  in  49>iS2,  and  the  blue  in  53,630, 
they  evidently  have  nothing  to  do  with  the  pure  carbon  bands  of 
the  low-temperature,  uncondensed  electric  spark  given  above. 

Thb  Uhxzfiotsi). 

(Gentle  reader !  Imagine,  if  you  please,  now,  that  a  couple  of 
years  have  been  spent  in  examininfi;  progressively  tube  after  tube 
of  the  different  gases ;  and  then,  after  so  appreciable  an  interval 
of  time,  we  return  to  tiie  first  example,  and  go  through  all  their 
spectra  again. 

Some,  as  the  hydrogen,  are  exactly  as  they  were  before ;  but 
others  are  so  altered,  we  can  hardly  recognize  them  !  In  some,  the 
carbon  bands  are  burned  out,  and  the  material  apparently  deposited 
as  a  dark  stain  on  the  inside  of  the  bulbs ;  but  what  is  this  terrible 
alteration  which  confronts  us  in  other  spectra,  and  more  especially 
in  the  tubes  of  nitrogen,  a  gas  which  ought  to  be  such  a  good  con- 
stant, as  representing  the  chief  part  of  the  air  wie  all  breathe  ? 

Its  own  exquisitely  regular  quartets  of  bands  are  only  visible 
now  through  a  few  of  the  earlier  red  intervals,  and  are  then  lost 
amid  anomalous  thickets  of  hard,  unyielding  lines,  multiplying  in 
number  through  all  the  orange,  yellow,  and  citron  region.  Attentive 
examination,  however,  presently  shows  that  the  new  comers  are 
all  of  them  the  low-temperature  lines  of  hydrogen;  and  our 
"  Lucida  H  "  shines  conspicuously  among  them.  Tnere  is,  indeed, 
now  hardly  a  tube  in  my  collection  which  does  not  show  more 
hydrogen  in  it,  on  the  second  than  the  first  examination ;  while 
as  to  the  nitrogen  tubes,  the  effect  has  been  most  markedly  and 
regularly  of  this  order,  viz.  that  according  to  the  length  of  time 
the  electric  spark  has  been  passing  through  them,  the  nitrogen 
bauds  have  been  fading,  and  the  hy£x)gen  Imes  waxing  in  force. 

To  suggest  that  the  electric  current  has  been  (&mging  the 
supposed  absolute  element  nitrogen  into  the  older,  undoubtedly 
absolute  and  independent  element  hydrogen,  is,  by  itself,  rather 
too  strong  a  supposition  to  set  before  any  one ;  yet  look  at  what 
has  eventuated,  as  an  accomplished  fact,  a  finished  and  perfect 
metamorphosis,  in  a  Hydrochloric-acid  tube.  At  first  examination 
it  showed  all  the  chlorine  lines  w^U  (and  our  table  of  them  on 
p.  560  show's  how  distinct  and  characteristic  they  are),  together 
with  a  little  of  carbon-bands,  and  a  fair  amount  of  hydrogen  lines. 
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Now  the  carbon  is  gone,  the  chlorine  has  departed  throngh  every 
mie  of  its  Unes,  and  the  tube  shows  nothing  whatever  but  hydrogen 
lines  glowing  in  strength  and  brilliancy ;  indeed  so  strongly,  that 
besides  the  three  high-temperature  lines  before  alluded  to,  it  now 
shows  the  4th  also,  or  Lavender  H,  the  solar  h  in  the  far-away  and 
difficult  spectral  region  of  61,932  W.N.  place.  And  then,  besides 
those  few  and  far-between  gigantic  mile-stones  of  the  spectral  way, 
there  are  the  hundreds  and  hundreds  of  the  new,  low-temperature 
lines  of  hydrogen  vivid  exceedingly.  Compared  by  reference  mirror 
against  a  pure  and  bright  hydrogen  tube,  not  one  of  all  these  lines 
is  wanting,  not  one  of  them  less  bright  in  this  tube,  once  a  tube  of 
good  undoubted  hydrochlorio-acid,  though  now  I  can  only  call  it  a 
^be  of  artificial  hydro^n;  and  I  use  it  sometimes  now  in- 
differently for  the  genume  this^,  it  is  so  passing  bright  in  all 
hydrogenous,  so  marvellously  void  of  every  other  kind  of  lines. 

Then  what  a  disturbing  idea  seems  to  return  upon  us  here  with 
regard  to  nitrosen !  Chlorine  has  been  changed  into  hydrogen ; 
and  nitrogen,  though  more  slowly,  seems  to  be  going  the  same 
way.  Is  nitrogen  then,  after  all,  not  an  element,  but  a  compound  ? 
Is  hydrogen,  in  that  case,  one  of  its  components,  and  does  long 
roasting  in  the  induction-spark  drive  off  the  other  element,  what- 
ever it  may  be,  leaving  the  hydrogen  alone  and  master  of  the 
situation?  Or  is  nitrogen  merely  a  particular  form  or  state  of 
hydrogen? 

The  Earth's  atmosphere  is  not  roasting  yet  in  electrical  heat 
through  all  its  entirety ;  wherefore,  if  we  may  be  permitted  for  a 
moment  to  use  such  a  word,  it  shows  us  nitrogen  eidsting  through 
all  its  length,  breadth,  and  height ;  but  hydrogen  appears  nowhere, 
save  when  that  uneasy  gas  will  occasionally  burst  forth  from  cre- 
vices of  rocks  in  coal-mines,  struggling  to  be  free  and  bounding 
forth  to  give  mankind  a  foretaste  of  its  eventual  fiery  quality.  But 
what  behold  we  in  the  Sun,  where  every  thing  has  been  roasting  in 
supernal  heat  long  enough  ? 

The  spectroscope  shows  us  there  a  superabundance  of  hydrogen 
over  all  the  solar  surface  and  in  the  gaseous  regions  above  the  same ; 
but  no  nitrogen  either  in  lines  or  bands,  either  of  its  high  or  low 
temperature's  spectrum.  And  on  turning  then  to  the  nebul®,  those 
slowly  coalescing  materials  just  beginning  to  warm  up  for  the 
formation  of  future  Suns,  the  chief  line,  if  we  read  Dr.  Huggins's 
observations  aright,  is  a  nitrogen  line;  while  hydrogen's  most 
visible  line,  its  a,  or  red  hydrogen  (so  gloriously  conspicuous  in 
solar  red  prominences,  explosions  and  disturbances,  and  also  in  a]l 
the  intense  cases  of  variable  stars,  when  they  suddenly  blaze  up  at 
intervals,  to  the  necessary  destruction  of  all  known  forms  of  or- 
ganic life)  is  entirely  absent. 

Of  course  the  objection  may  be  made  that  the  mere  two  years 
of  my  experimental  observations  is  nothing  to  the  time  the  heat 
of  the  Sun  has  been  enduring ;  so  that  even  if  the  solar  orb  were 

E roved  to  have  turned  all  its  once  nebular  supply  of  nitrogen  into 
ydrogen,  my  two  years  of  electric  sparks  could  not  have  worked 
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out  any  appreciable  amount  of  euch  a  change.  Bnt  then  it  m&j 
be  suegested  that  the  exceesiYe  attenuation  of  any  gas  ina  "  vacuum- 
tube  '^ves  the  electric  sparking  an  immense  advantajze  in  working 
out  upon  it  its  ultimate  effecta,  the  quantity  of  ponderable 
material  being  so  vanishing  a  fraction. 

Note,  too,  the  converse  of  this  case  in  our  iodine  tube.  Every 
other  tube  of  whatsoever  gas  that  has  altered  its  spectrum  gave 
premonitory  symptoms  thereof  by  heating  under  the  spark.  But 
tiie  tube  which  heated  most  of  all,  and  became  so  hot  after  an 
hour's  sparking  through  it  that  it  could  hardly  be  touched  by  t^e 
fingers,  was  the  iodine  tube ;  and  there,  in  that  tube,  there  is  no 
change  of  the  iodine  lines,  and  only  a  barely  appreciable  increase 
of  its  originidly  very  moderate  amount  of  hydrogen  impuriiy  as  I 
at  first  assumed  it  to  be.  Why,  t^n,  is  there  so  little  spectral 
change  to  show  there,  in  return  for  so  much  heating  ? 

B^use  t^at  tube  contains  much  9olid  iodine — a  whole  little 
heap  of  iodine  particles  like  a  pinch  of  snufE ;  or  such  a  positive 
amount  of  heavy  matter,  that  it  may  be  ages  before  small  low- 
temperature  electric  sparks  can  turn  it  all  into  hydrogen.  I  have, 
indeed,  visions  of  possibly  entering  on  new  and  varied  experiments 
during  the  next  vnnter,  for  testing  this  matter  from  a  different 
side ;  but,  meanwhile,  the  above  is  what  has  been  actually  arrived 
at,  not  only,  as  I  believe,  perfectly  fairly,  but  utterly  unexpectedly 

also.  PlAZZI  SlClTH. 

15  Boyal  Terrace,  Bdinborg^, 
1880,  August  7. 


On  the  present  Proximity  of  Jupiter  to  the  Earth,  a$ul  on 
the  Intervals  of  Recurrence  of  the  same  Phenomena. 

If  the  present  year  the  linear  distance  of  Jupiter  from  the  Sun 
is  smallest  on  September  26,  with  insensible  variation  for  many 
days,  and  his  linear  distance  from  the  Earth  is  smallest  on  October 
6 ;  and  the  extraordinary  brilliancy  of  the  planet  accompanying 
these  two  proximities  has  been  matter  of  universal  remark.  I  have 
l^ought  that  it  might  be  worth  the  trouble  to  point  out  some  other 
years  in  which  the  same,  or  nearly  the  same,  combination  of  dr- 
eumstances  will  recur ;  and  I  introduce  this  by  describing  the  means 
which  I  have  used  for  making  this  prediction. 

Some  years  ago,  havinp^  often  wished  to  possess  the  power  of 
discovering  the  smallest  mteger  numbers  whose  proportion  might 
approach  very  near  to  that  of  any  physical  phenomena,  I  sketched 
a  table,  which  was  prepared  by  "Mr,  Ellis,  and  is  now  lodged  amcmg 

the  manuscripts  of  the  Royal  Observatory.     The  fraction  ~  was 

ft 

exhibited  (in  its  vulgar  form)  for  every  value  of  m  below  100  and 

for  every  value  of  n  below  100,  in  whidi  m  and  n  are  prime  to  each 

other.    The  logarithm  of  every  fraction  was  prepared ;  then  the 
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table  was  formed  by  arranging  the  fractions  and  their  correspond- 
ing logarithms  in  the  order  of  the  magnitude  of  the  logarithms. 
Thus,  when  a  numerical  proportion  of  any  physical  phenomena  is 
given,  expressed,  perhaps,  by  many  decimals,  its  logarithm  is  to  be 
comparea  with  the  series  of  logarithms,  in  the  table,  which  approach 
nearest  to  it  in  magnitude ;  and  among  the  vulgar  fractions  which 
correspond  to  them  will  probably  be  found  one  or  more  expressed 
by  few  figures,  which  will  be  convenient  for  use. 

The  mean  regular  motion  of  the  Earth  in  a  Julian  year  is 
36o°'oo75 ;     that  of   Jupiter  is   3o°'3628.       The  logarithm   of 

--^, — ?_5^i?!B_is  I •07397.  I  now  refer  to  that  portion  of  my 
Jupiter  s  motion  ^ 

table  which  is  near  to  1*07397.    I  find 

Log  ^  =  I '07004 
Log  ^  =  1-07188 
I^g¥  =  i'o73ii 
Log  ^  =  1-07398 
Log  ¥  «  1-07463 
Log  ^  =  i*o79i8. 

Any  one  of  these  fractions  gives  an  approximate  proportion  of  the 
mean  movements  of  the  Earth  and  Jupiter ;  and  the  first  indicates 
that  in  47  years,  or  when  the  Earth  has  described  47  circumferences, 
Jupiter  has  described  so  nearly  4  circumferences  that  mo  may 
properly  examine  how  nearly  the  relative  position  of  Jupiter  and 
the  Earth,  after  47  years,  agrees  with  their  position  at  the  begin- 
ning of  that  time ;  and  so  for  the  other  fractions. 

The  annual  movement  of  the  Earth  exceeds  that  of  Jupiter  by 
329°'6447.    Taking  the  multiple  of  this  by  each  of  the  numerators 
of  the  fractions  above, 
.  In  1 2  years  the  Earth  has  gained  on  Jupiter  3956°=  1 1  x  360°  —  4° 
In  47  years  „        „        „        „         15493=43x360+13 

In  59  years  „        „        „        „        19450=54x360+10 

In  71  years  „        „        „        „        23405=65x360+5 

In  83  years  „        „         „        „         27361=76x360+   i 

In  95  years  „        „        „         „        31316=87x360+4 

In  12  years,  therefore,  the  Earth  must  advance  4^,  or  nearly  4 
days  must  elapse  after  opposition,  before  Jupiter  is  in  the  same 
part  of  his  orbit  as  at  the  time  of  opposition  in  the  present  year, 
similar  remarks  are  easily  applied  to  the  other  years. 

Boyal  Obeervatory,  Greenwich,  G.  B.  AlRT. 

1S80,  Sept.  II. 


Total  Eclipse  of  the  Moon,  1880,  June  22-23. 

The  total  eclipse  of  June  22-23,  1880,  was  observed  under  the 
most  favourable  circumstances ;  the  Moon  was  near  the  zenith, 
the  air  very  clear  and  nearly  calm.    The  power  of  the  moonlight 
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was  yery  striking :  about  9  p.ir.  I  tried  the  smallest  print  in  the 
'  Nautiad  Almanac '  and  could  read  it  with  ease,  and  the  same  with 
the  daily  papers ;  taking  up,  then,  Boscoe's  coloured  pictures  of 
spectra,  I  found  all  the  shades  of  colour  could  be  seen  very  satis- 
factorily. I  mention  these  as  rough  tests  of  the  light  which  I  had 
no  special  apparatus  ready  for  measuring.  At  9^  50"^  the  dark 
part  of  the  penumbra  was  very  clearly  seen;  it  looked  like  a 
dark  smoky  brown  or  black  shade,  and  with  the  telescope  a  great 
falling  ofE  in  the  brilliancy  of  the  crater  Aristarchus  was  noticeable. 
At  io*»  4"  several  stars  were  in  the  field  with  B.A.O.  6161,  whidi 
was  near  the  limb  of  the  Moon.  A  power  of  500  on  the  large  1 14- 
inch  telescope  was  used  to  observe  the  occultation  ;  with  this  the 
star  presented  a  hard  round  disk,  and  when  the  Moon's  limb  came 
up  to  it  the  star  seemed  to  glide  into  the  Moon,  getting  smaller 
as  it  did  so,  and  then  suddenly  disappeared  at  10^  7°^  4o'*49 
Sydney  mean  time.  The  whole  time  of  apparent  contact  witi^  tlM» 
limb  could  not  have  been  more  than  2  or  3  tenths  of  a  second. 

At  10^  10"^  the  penumbral  shade  was  very  dark  to  the  naked 
eye,  and  seemed  to  hide  the  N.E.  side  of  the  Moon.  With  the 
telescope  it  looked  a  smoky-brown  colour.  At  lo*"  i6"  one-third 
of  the  Moon  seemed  darkened  by  this  shade ;  and  at  10^  19"  ^6^  a 
still  darker  steel-blue  shade  appeared  on  the  limb,  marking  the 
first  contact  with  the  real  shadow ;  it  was  black  to  the  naked  eye, 
and  even  under  the  telescope  blotted  out  most  of  the  features  of 
the  Moon,  proving  that  the  shadow  has  a  well-defined  dark  margin, 
as  theory  explains  ;  five  minutes  later  it  could  be  seen  that  the  inner 
part  of  the  shadow  was  not  so  dark  as  the  margin,  and  of  quite  a 
different  colour.  It  was  in  fact  a  warm  yellow,  and  gave  much 
more  light  on  the  Moon  than  the  ^margin.  The  reason  for  these 
remarks  will  appear  subsequently. 

At  10*"  20"  the  shadow  seemed  to  have  a  dark  blue  margin  i\ 
minutes  of  arc  wide,  and  the  inner  parts  gradually  got  redder.  At 
this  time  the  width  of  the  blue  margin  seemed  very  variable ;  at 
ID**  30"  it  was  3  minutes  wide;  three  minutes  later  it  was 
reduced  to  i  minute.  I  could  see  no  reason  for  these  changes. 
They  were  the  same  on  the  bright  parts  as  on  the  darker  parts  of 
the  Moon  ;  the  colour  kept  uniform — a  steely  blue. 

At  10^  45™  the  shadow  reached  the  Mare  Serenitatis,  and  the 
red  parts  of  it  were  very  conspicuous,  the  colour  being  not  that  of 
copper  with  which  it  was  compared,  but  that  of  fully  ripe  oranges. 
An  8th  magnitude  star  was  now  noticed  near  the  limb,  and  its 
occultation  olwerved  with  a  power  of  100  on  the  large  telescope; 
it  appeared  to  glide  a  little  way  into  the  Moon,  and  then  disappear, 
as  if  with  a  jump,  at  10'*  50"  43*'9.    From  this  time  onwiuxLs 
the  red  light  seemed  to  get  more  conspicuous,  and  yet  was  so  trans- 
lucent, that  all  the  conspicuous  features  of  the  Moon  could  be 
seen,  even  the  markings  on  the  inner  walls  of  Aristarchus,  and  a 
multitude  of  small  objects  which  may  be  said  to  be  strewn  over 
the  lunar  surface. 
Another  star  now  approached  the  Moon ;    its  magnitude  was 
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about  loth,  and  with  power  of  loo  it  seemed  to  go  out  instantly 
as  it  touched  the  limb.  The  power  was  then  incr^sed  to  250,  and 
another  10  magnitude  star  wafcched  during  oooultation ;  it  seemed 
to  glide  a  littk  way  into  the  Moon,  and  instantly  disappear  at 
11^  14°^  1 4**2 ;  another  star  of  iil  magnitude  seemed  to  go  out 
instantly  as  it  touched  the  limb,  at  11^  16™  47''6. 

At  1 1^  20*"  the  darkness  at  the  edge  of  the  shadow  was  mudi 
lighter  than  it  had  been,  and  the  red  more  pronounced.  It  was  com- 
pared with  a  scale  of  colours  and  found  to  be  redder  than  orange-red, 
and  certainly  very  unlike  the  colour  of  new  copper.  A  watch  was 
now  kept  for  the  reappearance  of  6.A.C.  6 1 6 1 ,  and  the  star  was  seen 
to  emerge  at  lo**  25™  io'-3o.  It  did  not  come  out  suddenly,  but 
by  de^;rees,  yet  the  time  of  passage  from  first  light  to  complete 
emersion  was  but  a  small  fraction  of  a  second. 

At  about  11^  30™  24'  (the  time  was  not  exactly  noted)  an  8th 
magnitude  star  was  occulted ;  this  seemed  to  hang  on  the  limb  in 
a  striking  way,  as  if  part  passed  in  and  left  a  knob  on  the  Moon's 
limb  at  the  point  of  contact.  The  time  of  ingress  was  about  two 
seconds  by  chronometer.  Possibly  the  star  is  double,  but  too  dose 
to  be  seen  with  a  low  power. 

At  1 1^  z^^  3<>'  ^^0  eclipse  became  total,  and  the  dark  margin  of 
the  shadow  passed  ofE  the  Moon,  or,  rather,  the  Moon  passed 
wholly  into  the  shadow ;  but  no  one  would  have  thought  so,  for 
the  southern  part  for  one-fifth  of  the  diameter  remained  com- 
paratively white,  as  if  not  eclipsed  as  viewed  with  the  naked 
eye,  and  with  the  telescope  was  only  faintly  red.  At  this  tune 
the  deepest  colour  was  at  the  north  point,  thence  towards  the 
south  point,  gradually  getting  less. 

The  phenomena  observed  therefore  go  to  prove  that  during  this 
eclipse  the  extreme  margin  of  the  Earth's  shadow  cone  was  darker 
than  any  other  part  traversed  by  the  Moon ;  and  the  part  imme- 
diately within  this  nearly  white,  thence  towards  the  centre 
gradually  increasing  in  colour.  At  the  middle  of  the  eclipse  the 
south  point  of  the  Moon  was  less  than  half  her  diameter  from  the 
centre  of  the  shadow-cone. 

During  the  totality  I  made  a  careful  examination  of  the  Moon 
with  the  spectroscope,  but  could  not  detect  any  absorption  bands 
which  are  not  present  in  the  ordinary  spectrum.  The  light,  how- 
ever, was  so  faint,  even  when  concentrated  by  the  i  i^inch  tele- 
scope, that  the  spectrum  could  not  be  well  seen.  The  only  note- 
worthy fact  was,  that  the  red  and  violet,  or  ends  of  the  spectrum, 
seemed  to  be  cut  off,  as  in  the  instance  mentioned  by  Mr.  Pratt 
(at  Brighton)  in  his  account  of  the  total  eclipse  of  August  1877. 
He  observed  with  a  small  star-spectroscope,  which,  in  all  proba- 
bility, had  no  means  of  deteiinining  the  length  of  the  spectrum. 
I  observed  with  a  spectroscope  provided  with  measuring  appliances, 
and,  before  the  eclipse,  I  detennined  the  length  of  the  spectrum ; 
and  when  during  totality  the  very  faint  spectrum  seemed  to  have 
the  red  and  violet  cut  off,  I  measured  the  length,  and,  to  my  sur- 
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prise,  found  it  as  long  as  in  full  moonlight.  Examining  more 
closely  I  could  not  see  either  red  or  violet ;  the  reason  of  this 
probably  was,  that  tiie  whole  spectrum  was  too  faint  to  show  the 
contrasted  colours.  At  12^  13**  18'  the  total  phase  ended,  and 
once  more  the  dark  margin  of  the  shadow  appeared. 

At  12.20  this  margin  seemed  i^  minutes  wide,  while  from  this 
point  the  red  was  graduated  to  the  darkest  at  the  norfiiem  limb ; 
and  at  12.27  the  north  pole  seemed  the  reddest  place.  At  this 
time,  also,  I  noticed  that  the  dark  margin  seemed  to  hide  more  of 
the  details  ci  the  Moon  than  did  the  deepest  part  of  the  red,  and, 
judging  by  its  appearance  as  it  passed  over  bnght  and  dark  parts 
of  die  Moon,  it  was  not  an  effect  of  contrast. 

At  13^  6"  the  red  was  still  visible  to  the  naked  eye,  and,  looking 
with  the  telescope  at  13^  1 1*",  I  noticed  that  the  northern  part  of 
the  blue  margin  for  fully  one-fourth  of  its  length  was  as  well- 
defined  on  the  inside  of  the  shadow  as  on  the  outside,  and  looked 
like  a  ribbon  half  a  minute  wide.  At  all  other  times  the  inner 
margin  seemed  diffused  into  the  red.  At  this  time  the  blue  was 
not  so  dark  as  at  the  earlier  stages,  although  the  edge  was  quite 
as  well  defined. 

At  i3*»  30"  12*  the  last  contact  with  the  shadow  was  recorded, 
and  the  penumbral  haze  was  not  visible  much  longer. 

During  totality  ihe  Moon  was  very  conspicuous  in  the  sky,  and 
might  have  provoked  the  question,  what  was  the  red  light  ?  if  one 
had  not  known  it  was  eclipsed ;  but  a  glance  on  the  Earth  showed 
almost  total  darkness,  ana  the  stars  shone  out  as  if  there  was  no 
moonlight,  which  the  spectroscope  showed  to  be  very  nearly  the 
case.  A  number  of  meteors  were  observed  during  the  totality, 
principally  in  the  east.  H.  C.  Bitssell. 


The  Multiple  Star  P  xxiii.  100  (OS  496). 

Ik  1845  ^^  Struve  suspected  the  existence  of  a  close  companion 
to  the  principal  star  of  this  group,  and  in  1851  measured  it  wit^ 
the  iS'inch  refractor.  Subsequently  it  was  not  seen  wh^i  looked 
for,  and,  so  far  as  I  am  aware,  has  never  been  seen  since  by  any 
one,  until  measured  by  me  a  few  nights  ago  with  the  iSJ-in.  re- 
fractor of  the  Dearborn  Observatory.  It  was  very  plain  and  easy 
ci  measurement,  and,  under  favountble  circumstances,  ought  to  be 
seen  with  a  much  smaller  aperture,  perhaps  8  inches.  There  is  no 
evidence  of  any  material  change ;  and  it  is  quite  certain  that  the 
failures  heretofore  to  see  it  were  due  to  the  atmospheric  condi- 
tions. 

Negative  observations  of  double  stars  of  this  class  have  no 
significance  unless  coupled  with  an  exact  statement  of  the  seeing 
at  the  time. 

On  the  occasion  of  my  measure  the  night  was  remarkably  fine, 
and  pairs  of  o"*3  distance  were  very  easy  to  observe,  and  good 
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measures  oonld'  be  i&ade  where  the  distance  did  not  exceed  o"'2. 
During  the  evening  a  number  of  very  close  and  difficult  pairs  were 
measured,  such  as  (  SagittsB,  /3  Delphini,  20  Draconis,  ^  Draconis, 
&c.  A  few  nights  later,  when  the  distant  companions  to 
P  xxiiL  100  w^e  measured,  the  02  star  was  wholly  invisible,  as  it 
should  have  been  under  the  circumstances. 

In  the  following  Table  the  close  stars  are  designated  in  the  usual 
way  by  the  first  four  letters  of  the  alphabet,  and  the  distant  com- 
panions by  the  small  letters.  For  comparison,  I  give  some  of  the 
prior  measures  with  my  own : — 


AB 


.  336-8 

1-51 

1851-76 

5-4 

1 0-0 

OS 

342-6 

1-26 

1880-62 

6*0 

io*s 

H 

.   224*2 

1.38 

1849*64 

7-4 

8-9 

OS 

223-8 

1-39 

1867-94 

7*2 

8-9 

De 

225-3 

1-36 

1880-62 

8-0 

lo-o 

fi 

.   269-2 

76-10 

1849-64 

. . 

OS 

269-3 

75-63 

1868-68 

De 

269*0 

75-67 

1880-64 

/J 

.    113-9 

43-36 

1869-76 

9-7 

De 

114-5 

43-62 

1880*64 

lo's 

$ 

•   338-5 

67-11 

1869-76 

93 

De 

338-7 

67-15 

1880*64 

lo'S 

P 

.     73-5 

10-29 

1869-76 

9-6 

De 

74-3 

1 1 -06 

1880-64 

lo-S 

L 

.   341-8 

25-± 

1841-81 

336-8 

27-37 

1880*64 

"•5 

0 

CD 


AC 


Aa 
Ab 
he 
Cd 


Evidently  the  components  are  relatively  fixed.  This  group 
figures  in  several  double-star  catalogues  as  follows : — AC=Sh.  355 
=0S  (App.)  247;  CD=Da  2;  6c=»H  1887  ;  AamH  1888; 
Cd=B.  1886.  S.  W.  BuBiraAM. 

Chiosgo,  1880,  Aug.  %s. 


Dovile  Stars  for  October. 

The  following  pairs  should  be  looked  at  and  measured  occasionally 
this  apparition.  85  Fegasi  is  given,  partly  because  of  its  import- 
ance, and  partly  because  it  is  a  most  difficult  object,  and  may  be 
used  as  a  severe  test  for  large  apertures,  eye,  and  sky. 


OS  456.        E.A. 

1847-7 
i866*6 


02  47o« 


E.A. 

18507 
1867-5 


2I»»SI" 


•2,  Dec. 


2S''7 


+  51°  59'. 

i"-35 
I  'SI 


30-7 

22*  i7"H,  Dec.  -^-ee"  22'. 

353^-S  3"-69 

357  -5  3  -76 


Mag.  7-8,  8. 

OS. 
De. 


Mag. 

02. 
De. 


7,  9*4. 
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2  2934.        R.A.  22^  36*i,  Dec.  +20®  48'.    Mag.  8,  9. 

1830-1  i87°-8  i"-22 .        2. 

1874-8  162  -o  I  -15  W.  A  S. 

2  2943.        E.A.  22*  4i"*-3,  Dec.  —14°  41'.    Mag.  6,  9-2. 
1783-6  109*^-9  3S"-64  H. 

1864-5  114 -6  28-49  I^- 

02  484.        E.A.  22*  52"-5,  Dec.  +72°  12'.    Mag.  7,  8,  11. 

AB         18510  io8°-5  o"-4i  02, 

1869-5  84  ±         Elongated      De. 

AC        1855-5  255^-4  3o"-72  02   . 

02  536.        E.A.  22*  52-5,  Dec.  +8°  43'.    Mag.  7-5,  7-8. 
1852-6  345°-o  o"-25  OS. 

Single  in  1859  to  02,  and  to  /3  in  1874,  but  measured  by  /3  in 
1877,  i6i°-5,  o"-47. 

02  490.        E.A.  23*  4*-9,  Dec.  +56°  47'.    Mag.  7-2,  9-2. 

iS43'5  3i3***7  i"'i6  Madler. 

1 868-2  303  -I  I  -56  De. 

85  Pegasi.        E.A.  23*^  55"-9,  Dec.  +26^'  27'.    Mag.  A  6, 
B  12,  C  9. 

AB        1878-7  274^-0  o"-67  /J. 

1880-6  298  -3  o  -65  „ 

B  was  discovered  by  j3  in  1878.    A  remarkable  binary. 

AC        1855-0  io5°-o  3o"'o  Argelander. 

18784  33  '9  14  -16 

A  has  a  large  proper  motion. 

2  3062.        E.A.  23*  59"-9,  Dec.  +57°  46'.    Mag.  7,  7.5. 
A  pretty  binary  star,  well  placed  for  observation.      Schur's 
period  is  112-6  years,  Doberck's  104-4  years- 

1877-7  297^-7  I  "-43  Doberck. 

1880-7  30 '  '4  I  '4  Gledhill. 

J,  G-LEDHILL. 
Mr.  Edward  Crosaley's  Observatory, 
Bermerside,  Halifax. 


Meteor  Notes  for  October*. 

Obsebyatioks  may  be  made  in  the  mornings  during  tbe  first  half 
oF  the  month  and  in  the  evenings  during  the  period  ist-ioth  and 
25th-3ist.  The  Moon  will  be  full  on  the  morning  of  the  T8th,  so 
that  the  shower  of  Orionids  may  be  observed  only  with  difBculty 

*  See  'Observatory,'  VoL  i.  p.   188,  Vol.  ii.  pp.  203-204,   and  Vol.  iii. 
pp.  170-17 1,  for  further  notes  on  October  ehowera. 
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this  year.  A  few  of  the  more  conspicuous  meteors  will  probably 
be  seen,  though  the  occurrence  of  fireballs  is  not  a  markea  feature 
of  the  October  meteor-stream.  The  proportion  of  streak-leaving 
meteors  amongst  the  Orionids  is  very  large,  even  exceeding  that 
of  the  Perseids,  though  the  members  of  the  latter  shower  are  finer 
generally  than  the  former.  Meteors  are  usually  very  abundant  in 
October,  perhaps  more  so  than  in  any  other  month  of  the  year,  if 
we  exclude  special  showers ;  and  this  abundance  is  due  to  the  com- 
bined operation  of  a  very  large  number  of  minor  streams,  which  has 
the  effect  of  raising  the  horary  numbers  to  a  figure  beyond  the  ex- 
perience of  other  months.  The  mornings  of  the  13th- 15th  may  be 
mentioned  particularly  as  likely  to  afford  an  unusual  exhibition 
and  to  give  the  first  intimation  of  the  ensuing  shower  of  Orionids. 

Large  meteors  should  be  expected  on  the  nights  of  the  13th, 
15th,  I7th-i8th,  22nd,  24th,  and  29th. 

A  shower  of  slow  brilliant  meteors  was  observed  on  the  2nd  in 
1877,  from  225°  +  52°,  and  on  the  3rd-4th  two  active  radiants  were 
found  at  133°  +79°  and  310°  +  77°  the  former  a  very  well-defined 
shower  of  swift  streak-leaving  meteors. 

The  radiant-point  of  the  Perseids  derived  from  Major  Tupman's 
observations  on  August  9  was  very  sharply  defined  at  44°  -1-56®  with 
a  subradiant,  equally  well  defined  though  shown  by  fewer  paths,  at 
44°  +  60°.  On  August  1 1,  1879,  Major  Tupman  found  the  normal 
radiant  at  45°  +56*^  from  14  or  15  Perseids,  but  "  there  was  evi- 
dence of  two  centres  separated  6°  or  7°  in  declination.''  This 
corroborates  observations  at  Bristol  during  the  last  few  years.  In 
1878  a  double  radiant  was  found  at  42  J°  +  54°  and  44°+  59°.  The 
weather  was  un&vourable  in  1879,  but  the  main  radiant  was  de- 
termined at  46°  -f  58°.  This  year  the  major  shower  derived  from  a 
mean  of  the  several  nights  of  observation  was  at  44®  +  56°,  with  a 
distinctly  marked,  though  apparently  minor  centre  at  45°  +  60°. 
Several  meteors  with  foreshortened  tracks  close  to  their  radiants, 
and  with  motions  in  EA.,  served  to  indicate  the  two  points  most 
accurately.  It  is  therefore  evident  from  recent  observations  (1878- 
80)  of  the  Perseids  that  the  radiant-point  of  the  chief  shower  is  at 
44*^-4  5"^  +56^-5  7°  on  August  10.  All  the  best  observations 
prove  this  conclusively,  and  confirm  the  position  previously  given  by 
Mr.  E.  P.  Q-reg,  at  44®  +  56^,  from  an  average  of  many  different  re- 
sults. And  there  is  a  subradiant  at  44**  +  60®,  or  the  major  radiant  is 
elongated  in  declination.  The  chief  centre  advances  in  E.A.  witli 
each  night  of  observation,  for  while  on  August  i  the  meteors  fall 
from  X  Persei,  the  focus  of  divergence  has  moved  to  a  point  slightly 
below  B-C  CWelopardi  on  August  12.  On  August  16,  1877,  it 
was  seen  at  60°  +  59°. 

At  Bristol  the  chief  showers  contemporary  with  the  Perseids 
were  observed  at  30**  +46°,  33 1*'  —9°,  and  46°  +27.  The  latter 
supplied  some  fine  streak-leaving  meteors  and  has  already  been 
pointed  out  as  a  prominent  display  at  this  epoch*. 

***  Monthly  Notioee  B.A.S.  Vol.  zl.  p.  130  (January  1880). 

TOL.  in.  *  2  E 
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Of  the  254  Perseids  observed  by  Mr.  Corderat  Writtle  betweeu 
July  29  to  August  II,  1 90  left  streaks  and  57  were  coloured.  The 
summary  of  Mr.  Corder's  results  in  August  is  as  follows : — 

Aug.  I.  Watched  for  2^  hours,  g^^  to  I2\  Saw  29-  meteors; 
of  these  9  were  Perseids  £rom  a  well-marked  radiant  at  35^  +56^. 
They  were  much  longer  and  finer  than  those  noted  in  July,  and 
doubtless  the  first  set  of  the  true  Perseids. 

Aug.  2.  li  hour,  from  10^*"  to  i2|**.  21  meteors,  including 
7  Perseids. 

Aug.  4.  2  hours,from  lo^'to  12^*".  35  meteors,  13  Perseids.  There 
seemed  to  be  two  radiants  in  Perseus,  at  35°  +56°  and  46°  +57°, 
and  a  few  Cassiopeids  indicated  a  centre  at  1 5°  -)-  66°. 

Aug.  6.  i  hour,  lo*'  to  ioJ\   5  meteors,  4  of  which  were  Perseids. 

Aug.  6.  i  hour,  14^  io°*  to  14*"  40"*.  8  meteors,  2  Perseids, 
both  ist  mag.,  yellow,  with  streaks.    Badiant  43°  +57°. 

Aug.  8.  3  hours,  10**  to  13*'.  59  meteors ;  26  Perseids,  only  two  of 
which  were  ist  mag.  A  few  well-observed  paths  gave  the  radiant 
near  B-G  Gamelopardi  45^  +59°)  ot^^*s  may  have  been  fnun  a 
point  N.W. 

Aug.  9.  4I  hours,  9^  to  j^i^.    120  meteors,  84  Perseids;  chief 

radiant  at  45   +58°- 

Aug.  10.  Hazy  and  generally  overcast.  9*'  to  i2*»,  46  meteors, 
39  Perseids.  The  horary  number  was  estimated  at  40  with  a  clear 
sky,  for  during  tb^  first  half-hour  between  11^  and  i2S  whidi 
was  almost  cloudless,  21  meteors  were  counted,  of  which  18  were 
Perseids.  At  1 1^  23"^  a  fine  meteor,  probably='V)  was  seen,  with 
an  approximate  path  from  215*^  +65°  to  216^  +40°. 

Aug.  II.  3  hours,  9**  to  13*".  76  meteors,  50  Perseids.  Sky  clear 
with  a  little  exception,  but  meteors  scarce,  the  shower  of  Perseids 
evidently  much  falling  off.  Chief  radiant  at  46°  +58*^.  The 
brightest  meteor  was  =  Sinus,  at  12**  57*,  with  a  short  path  from 

47^+47°  to  45° +43^. 

Mr.  E.  F.  Sawyer,  of  Boston,  Mass.,  writes  that  he  made  observa- 
tions on  Auff.  8th  and  9th,  but  clouds  interfered  on  the  loth  and 
nth.  On  the  8th  the  sky  was  watched  from  9**  to  12^  and  37 
meteors  recorded,  including  1 6  Perseids.  There  were  other  showers 
inCepheu8at332°-|-6o^(7meteor8),  and  N., of  Cassiopeia,  5° +75** 
(6  meteors).  On  the  9th  observations  were  made  from  9^  to  13^ 
and  91  meteors  seen,  including  54  Perseids  and  12  Cassiopeids. 
He  estimates  the  horary  number  of  Perseids  on  the  8th  as  6,  on 
the  9th  16,  and  of  other  meteors  9  and  11  respectively  The  mag- 
nitude of  those  seen  on  the  9th  were: — 


=  1^  or  5   >i. 

I. 

a. 

3 

4- 

5. 

Total. 

Perseids . . 

4           5 

8 

13 

9 

8 

7 

54 

Others    .. 

I           0 

4 

2 

7 

II 

12 

37 

The  radiant-point  of  the  Perseids  was  very  exactly  determined  on  the 
9th  by  several  soort  paths  and  a  ist-mag.  meteor  perfectly  stationary 
at  44|°  +  s^i^'  A  lidiant  in  Cassiopeia  was  well  defined  at  5®  +  55** 
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(i2  meteors).  Mr.  Sawyer  also  obtained  a  good  observation  of  the 
July  Aquariads. 

A  very  fine  meteor  estimated  as  bright  as  J  was  observed  by 
Major  Tupman  at  Cookham  on  August  12  8»»  18".  It  fell  nearly 
vertically  down^^ards  in  the  N.W.,  where  the  twilight  was  still  very 
Qtrong.  The  path  was  incUned  slightly  from  left  to  right ;  motion 
very  slow.  It  disappeared  behind  a  house,  in  azimuth  N.  61°  W., 
altitude  3^. 

The  same  meteor  was  seen  by  Mr.  Maunder  at  Greenwich,  time 
8**  17",  2  X  S .  Path  began  5°  from  and  below  (  Ursae  and  ended 
10°  short  of  y  Leonis.  It  had  a  visible  disk,  with  a  slight  tinge  of 
green ;  train  green,  no  streak.  The  diminution  of  speed  as  it  ap- 
proached the  horizon  was  very  marked. 

At  Writtle^  Essex,  a  large  meteor  was  recorded  at  about  8*^  1 5", 
August  12,  in  the  N.  by  W.  It  descended  obliquely  from  left  to 
right,  from  the  direction  of  Arcturus  to  near  the  horizon,  and 
could  not  have  been  a  Perseid.  It  was  daylight  at  the  time,  but  the 
brightness  of  the  meteor  called  the  observer's  attention  to  it. 

These  observations  obviously  relate  to  the  same  body,  which  ap- 
pears, on  projecting  the  described  tracks^  to  have  been  a  brilliant 
Aquariad,  with  a  radiant  somewhere  near  328^  —8°.  The  writer  at 
Bristol  observed  a  shower  of  meteors  from  331°  —9°  on  the  nighta 
of  August  6-13  this  year,  which  may  have  been  the  same;  and 
Mr.  Corder  had  determined  a  radiant  at  331°  — 10°  on  July  29-30 
(*  Observatory,'  Yol.  iii.  p.  537). 

A  large  red  fireball  is  described  as  passing  over  Winchester  on 
July  22,  at  14**  24"^.  It  was  as  big  as  a  ^'good-sized  coooanut," 
and  passed  gently  over  the  city  in  a  diagonal  direction  before  it 
finally  burst.  About  30  sec.  afterwards  there  was  a  noise  like  a 
distant  roll  of  thunder.  The  streets  were  bnlliantly  lit  up  for  a 
moment,  though  the  Moon  was  visible.  W.  F.  Dbnnino. 


CORRESPONDENCE. 

To  the  Editor  of '  The  Observatory.' 

VUibiliiy  of  Venus  in  the  Daytime, 
Sib,— 

Some  time  ago,  in  a  text-book  on  astronomy,  I  saw  the 
fact  stated  that  Venus  could  not  be  seen  in  the  daytime,  with  the 
naked  eye,  when  nearer  than  about  a  month  before  or  after  superior 
conjunction  with  the  Sun.  Believing  that  it  covM  be  seen  when 
much  nearer  than  that,  I  have  taken  the  pains  to  test  the  correctness 
of  this  theory.    The  results  are  stated  below. 

My  observations  began  in  May,  but  I  have  omitted  all  previous 
to  June  13. 

June  13, 11^  25"*A.M.  Venus  quite  &int  and  sky  poor.  Apparent 
magnitude  5^. 

2e2 


Digitized  by 


Google 


574  Correipondence.  [No.  42. 

June  14,  11^  A.M.  Sky  very  clear.  YenuB  about  si  or 
4th  magnitude.  Distance  from  Sun,  according  to  'Nautical 
Almanac/  8^°. 

June  15,  11^  A.M.  Sky  poor,  magnitude  5^. 

June  16-18.  Weather  unfavourable. 

June  19,  11^  10™  A.M.  Sky  quite  poor.  Venus  just  visiUe. 
Distance  from  Sun  7°  20'. 

June  20-29.    C/louds  and  haze  prevented  any  observations. 

June  30-July  6.  No  observation  possible  on  account  of  slight 
haziness  of  the  sky. 

July  13.  Coiy unction  of  Venus  and  Sun  (superior). 

July  1 5-2  4.  Sky  poor  most  of  the  time. 

July  25,  10**  20"*  A.M.  Venus  easily  seen;  magnitude  about  3I 
to  4.     Solar  distance  3°  38'. 

July  25,  o**  40"  P.M.  Sky  perfect,  but  Venus  not  so  easily  seen  as 
in  the  morning.    Magnitude  4^. 

Had  the  atmosphere  been  as  pure  on  July  18  as  it  was  on  July 
as,  I  have  no  doubt  Venus  would  have  been  visible  to  the  naked 
eye,  although  it  was  then  only  five  days  past  superior  conjundaon 
and  only  if°  from  the  Sun. 

I  saw  Venus  this  morning,  July  26,  at  9.30  A.M.,  and  also  four 
other  times  subsequently,  at  intervals  oi  half  an  hour  to  an  hour. 

It  was  last  visible  at  o*»  40».  Although  not  nearly  so  brilliant 
as  yesterday,  on  account  of  poor  sky,  yet  it  is  veiy  easily  dis- 
tinguishable, much  more  so  than  Jupiter  generally  is  in  the  day- 
time. 

The  latter  is  quite  easily  visible  at  present  when  his  position  is 
known.  I  am.  Sir,  yours  respectfully, 

284  Kansas  Avenue,  Denver,  HabeY  L.  BaldwIK. 

Colorado,  x88o,  Julj  26. 

fVhite  Spot  on  Venus. 

Sir,— 

The  interesting  letter  in  your  May  number  (No.  37)  from 
Mr.  Trouvelot  in  reference  to  the  above  has  induced  me  to  send 
you  the  following  notes  : — 

*' Jime  15, 1876.  Observed  Venus  at  5*"  5"  p.m.  Power  200, 1 1  j- 
inch  equatoreal,  apert\ire  reduced  to  6  inches.  Definition  is  bad, 
yet  I  can  see  a  white  patch  on  the  south  pole,  very  similar  to  that 
which  was  seen  during  the  Transit  of  Venus  in  1874 ;  it  is  re- 
markable that  it  extends  on  to  the  disk  and  not  outside  of  it." 

The  same  white  spot  was  seen  many  times  in  May  and  June 
1876,  and  some  measures  taken,  showing  the  extension  of  the 
cusps  beyond  the  semicircle ;  on  June  30  of  that  year  the  exten- 
sion was  14®  on  each  cusp,  making  the  illuminated  part  cover  208^ 
of  the  planet's  limb ;  on  several  occasions  the  whole  outline  of  the 
planet  could  be  traced,  but  it  was  that  of  a  dark  body  on  a  bright 
Held  ;  the  part  not  illuminated  in  fact  appeared  darker  than  the  sky 
background. 
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In  reference  to  the  red  spot  on  Jupiter,  I  have  made  many 
drawings  of  it  since  I  first  saw  it  in  1876,  then  involved  in  the 
equatoreal  belts,  but  of  very  much  the  same  shape  and  colour  that 
it  presented  in  1879. 

I  am,  Sir,  yours  faithfully, 
Sydney  Obflerratory,  "  H.  C.  EuSSBLL. 

1880,  July  5. 


Payees  Comet. 

Sib,— 

Faye's  Comet  was  seen  here  with  the  3-foot  telescope  on 
August  2,  8,  9,  10,  and  12,  the  position  by  circle-reading  agreeing 
with  the  ephemeris  in  *  Nature.'  When  first  seen  on  August  2,  loS 
it  was  faint,  round,  and  a  little  brighter  towards  the  middle,  and 
formed  the  point  (N.E.)  of  a  rough  equilateral  triangle,  with  two 
stars  of  about  10  mag.  lying  "W.  and  S.E.  in  a  field  of  15'. 

On  the  4th  (the  night  not  being  very  fine)  it  had  moved  from 
this  place,  and  a  nebula  sf  some  few  minutes  was  mistaken  for 
it.  On  the  8th,  the  night  being  fine,  this  last  nebula  was  seen,  as 
also  another  rather  large  and  faint,  about  5'  following  the  jplace 
of  the  comet  on  the  2nd,  and  much  fainter.  The  comet's  position 
was,  by  circle-reading,  23**  16™  0%  + 10°  47',  and  there  was  another 
nebula  very  like  the  comet,  and  about  15'  preceding  it. 

On  the  9th  the  comet  was  very  close  te  a  small  star,  so  close  that 
the  edge  of  the  comet  must  have  overlapped  the  star.  The  brighter 
part  of  the  comet  was  seen  sf  the  star,  and  was  noted  as  about  4" 
distant,  an  estimation,  I  now  think,  too  small.  On  the  loth  and 
12th  it  had  moved  in  the  line  of  the  8th  and  9th,  but  more  towards 
the  preceding  side,  so  as  to  be  nearer  to  and  N.  of  the  nebula  that 
preceded  it  on  the  8th,  and  which  it  was,  as  already  stated,  then 
very  like  in  point  of  size  and  brightness.  On  the  12th  it  is  noted 
that  the  comet  is  like  this  nebula,  hut  brighter  in  the  middle.  No 
measures  were  taken. 

The  comet  was  looked  for  on  several  nights  since  June  11,  but 
the  weather  was  not  favourable.  During  the  search  several  nebulaa 
not  in  Herschel's  or  Dreyer's  Catalogues  were  found,  besides  those 
already  mentioned  as  near  the  comet. 

I  am.  Sir,  yours  faithfully, 

EaUng,  Aug.  21, 1880.  A.  AiKSLiE  Common. 

P.S. — On  Aug.  12,  at  lo*"  23"^,  I  looked  to  the  north-west  and 
saw  a  brilliant  aurora ;  at  10*^  26°^  it  glowed  like  the  setting  Sun, 
getting  very  bright  on  the  horizon  under  Ursa  Major.  At 
10^  28™  it  became  more  diffused;  at  10*^  31™  a  ray  shot  up  to 
Mizar,  and  was  persistent  for  two  minutes;  after  this  it  faded 
away.  The  colour  was  greenish  yellow,  the  bands  broad,  extendiDg 
up  to  50°  altitude,  and  t^e  motion  to  the  W. ;  the  extent  very 
nearly  from  N.  to  W. 
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The  Aurora  of  August  12. 

Sib,— 

The  finest  display  of  the  Aurora  Borealis  that  I  have  erer 
seen  was  witnessed  here  last  night.  I  was  at  the  house  of  a  friend 
in  the  early  part  of  the  evening,  and  a  gentleman  who  came  in  said 
he  had  seen  some  extraordinary  columns  of  red  light,  apparently 
rising  from  the  Sun,  which  had  fully  set,  and  standing  out  on  a 
yellow  background.  He  described  them  as  being  about  as  "  broad 
as  a  rauibow,''  four  or  five  in  number^  and  remaining  unchanged 
while  he  looked  at  them. 

As  I  walked  up  through  the  town,  about  half  an  hour  after- 
wards, nothing  noticeable  was  to  be  seen,  but  on  going  into  the 
garden  at  about  10**  30"  I  saw  at  once  a  most  magnificent  aurora. 

At  first  we  saw  a  bright  patch  in  the  west,  which  sent  up  rays 
of  light,  constantly  varying  in  length  and  intensity,  and  reaching 
at  times  nearly  up  to  the  zenith.  Suddenly  an  arch  of  white  light 
formed,  reaching  from  about  W.N.W.  to  nearly  N.,  and  extending 
in  height  nearly  to  the  seven  bright  stars  of  the  Greater  Bear, 
which  seemed  to  rest  upon  it.  From  this  arch  tongues  of  light 
shot  upwards.  Then  rays  from  all  parts  of  the  horizon  between 
HV.  and  E.N.E.  or  E.  rose  up,  moving  slowly  as  if  blown  by  a  wind, 
and  met  near  the  centre  of  tne  cross  of  Cygnus,  forming  something 
like  a  tent  of  light  over  our  heads.  Near  the  southern  edge  of  this 
"  tent,"  and  about  parallel  to  it,  ran  a  black  rift  all  across  the 
upper  part  of  the  heavens,  the  whole  "  tent "  waxing  and  waning 
in  brightness  in  regular  pulsations,  and  occasionally  waving  as  u 
blown  by  the  wind. 

At  one  time  I  was  struck  by  a  sort  of  crackling  noise,  which  at 
first  seemed  connected  with  the  Aurora ;  but  on  my  paying  atten- 
tion to  it,  and  listening  carefully,  it  ceased,  and  i  could  hear 
nothing.  Perhaps  it  might  have  been  a  rustling  of  the  leaves  on 
the  trees,  but  it  sounded  much  more  like  a  succession  of  sparks  from 
the  conductor  of  an  electrical  machine. 

The  stars  were  wonderfully  bright  and  shone  clearly  through  the 
aurora,  except  in  certain  patches  and  streaks  of  special  brightness, 
where  they  were  outshone  by  its  great  light. 

At  about  1 1**  o"  I  had  to  leave  for  an  hour,  and  on  my  return  a 
few  minutes  before  midnight  the  whole  appearance  had  changed. 
We  now  saw.  a  double  arch  of  light,  extending  from  W.N.W.  to  N., 
the  lower  arch  being  the  most  brilliant.  At  the  north  end  it 
curved  inwards  and  then  outwards  again,  forming  a  smaller  arch  at 
that  end.  At  the  west  end  it  doubled  on  itself  and  threw  up  a 
straight  brilliant  wisp  of  white  light,  forming  a  loop  at  that  end  of 
the  arch.  The  whole  of  this  appearance  seemed  to  be  very  distant ; 
and  apparently  much  nearer  to  us,  there  was  a  quick  throbbing  of 
patches  of  light  like  summer  lightning,  flashing  in  18  or  20  places 
simultaneously,  and  independent  of  the  more  distant  tongues  which 
aBOse  from  the  arches  of  light,  the  more  distant  display  being  seen 
through  the  nearer  one. 
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The  whole  of  the  light  was  white  without  any  tinge  of  red ;  and 
I  much  regretted  that  I  had  no  spectroscope  or  instruments  of  any 
kind  at  huid.  I  am,  Sir,  your  obedient  servant, 

Banff,  W.  J.  B.  ElCHAEDS. 

Aug.  13,  1880. 

Sib,— 

A  very  fine  Aurora  comnienced  playing  on  August  12, 
lo**  15".  In  one  minute  it  completely  spread  over  the  northern 
sk^,  throwing  up  brilliant  coruscations,  a  particularly  bright  one 
bemg  observed  over  a  and  /3  UrssB  Majoris.  The  aurora  extended 
from  Arcturus  to  Capella  and  reached  upward  neaiiy  to  Folans.  It 
began  to  hde  at  1 1^  and  died  out  about  1 1**  35".  It  was  of  a  pure 
milk-white  colour.  There  was  a  brilliant  flight  of  meteors  imme- 
diately b^ore  the  Aurora  began. 

I  am,  Sir,  yours  faithfully, 
Worcester,  W.  B.  CoOPEB. 

I  $80,  August  14. 

The  August  Meteors. 

Sib,— 

We  observed  the  shower  of  Perseids  on  5  days  in  July 
and  August,  and  saw  only  134  meteors,  distributed  thus: — 
July  26,  7  meteors;  July  27,  19  meteors;  July  29,  25  meteors; 
Aug.  8,  31  meteors;  Aug.  9,  52  meteors.  Of  these  134  meteors 
I  was  as  bright  as  Venus,  19  were  of  the  first  magnitude,  34  of 
the  second,  34  of  the  third,  32  of  the  fourth,  10  of  the  fifth,  and 
4  of  the  sixth  magnitude. 

I  myself  observed  also  a  few  with  the  spectroscope  as  follows : — 

Aug.  8  (No.  6  in  the  ohserving  book).    A  very  faiut  continuous 
spectrum  without  any  lines ;  the  blue  and  violet  part  of  the 
pectrum  was  not  visible  at  all.     Magnitude  2. 

Aug.  8  (No.  8).  This  spectrum  also  was  very  faint,  but  well 
observed.  On  the  continuous  spectrum  the  bright  D  line  was 
visible,  and  no  other.    Magnitude  3. 

Aug.  8  (No.  24).  Spectrum  very  faint,  without  any  line.  Mag- 
nitude 2. 

Aug.  9  (No.  38).  The  meteor  was  larger  than  Jupiter.  The 
spectrum  was  splendid,  from  the  extreme  red  to  the  violet.  On 
the  continuous  spectrum  I  saw  an  extremely  bright  sodium  line. 
Beside  this  splendid  line  the  lines  of  lithium  were  also  very  well 
observable,  as  also  many  other  metallic  lines  in  the  green  and  the 
blue  portion  of  the  spectrum. 

I  am.  Sir,  yours  faithfully, 
O'  Gyalla  ObBervatory,  N.  DE  KoNKOLY. 

Hungary,  1880,  Sept  10. 

Sib,— 

On  the  night  of  August  10,  while  waiting  for  a  higher  alti- 
tude of  Jupiter,  I  was  struck  with  the  appearance  of  a  few  meteors 
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following  in  rather  rapid  snooession,  and  counting  the  number 
during  the  time,  9*"  30"  to  10**  30",  I  made  39  in  all.  None  of  them 
exceeded  the  ordinary  8ia».  I  should  say  about  1 2  of  them  were  very 
small,  with  a  short  nath.  With  the  exception  of  4  meteors  which 
originated  about  ana  north-east  of  Polaris,  having  a  nearly  perpen- 
dicular path,  the  little  inclination  being  to  the  west,  all  the  others 
had  paths  parallel  to  each  other  and  to  that  portion  of  the  Ghilaxy 
south  of  Vega.  Nearly  all  of  them  were  to  the  east  of  y^;a  and 
confined  to  a  space  of  two  hours  B  Jl.;  the  greater  number  lu^ose 
about  25^  less  declination  than  the  most  southern  of  the  principal 
stars  of  Cassiopeia,  passing  Vega  about  20^  to  the  east^  and,  as  I 
said  above,  paraUel  with  each  other  and  with  the  Gblaxy. 

I  am,  Sir,  yours  truly. 

Sib,— 

On  August  128**  20"  a  large  meteor  passed  over  Corona 
Borealis  and  e  Bootis,  continuing  about  10°  west,  when  it  suddenly 
vanished,  leaving  a  luminous  b^ed  trail.  Although  not  yet  dark 
it  looked  10  times  as  brilliant  as  Jupiter  when  seen  in  opposition 
at  midnight.    The  positions  of  the  stars  were  taken  afterwards. 

I  am,  Sir,  yours  foithfully, 
Worcester,  W.  B.  CoOPEB. 

August  14,  i8go. 

The  Colour  of  a  Lyrte. 

SiB,— 

In  the  abstract  of  Prof.  Holden's  article  on  page  519  of 
the  August  number  of  *The  Observatory'  the  following  state- 
ment occurs: — "(2)  We  do  not  find  i$6l<ited  stars  of  decided 
green,  blue,  or  purple  colours.  A  few  such  have  been  recorded, 
but  in  most  cases  erroneously ; ''  with  a  reference  to  a  footnote, 
which  reads  thus  : — "  For  example,  Admiral  Smyth  calls  a  Lyrae  a 
'green'  star. — E.  S.  H."  Surely  there  must  be  some  mistake 
here.  In  the  'Bedford  Catalogue'  the  colour  of  a  Lyraa  is 
described  as  "  pale  sapphire  ;  "  and  I  cannot  find  that  Smyth  has 
elsewhere  called  it  "  green."  It  tvould  seem  therefore  that  Prof. 
Holden's  "  example  "  is  a  singularly  unfortunate  one,  as  it  is  not 
Admiral  Smyth  who  is  in  error,  but  the  Professor  himself ! 

As  an  instance  of  an  isolated  star  of  a  decided  green  tint  I  may 
mention  ^  Librae,  which  is  not  inaptly  called  "  p«de  emerald  "  by 
Smyth.  The  tint  is  so  marked  that  the  Eev.  T.  W.  Webb,  in  his 
'  Celestial  Objectfl,'  states  that  the  star  is  "  inserted  for  its  beauti- 
ful green  hue  ; "  and  he  kindly  allows  me  to  quote  the  two  follow- 
ing extracts  from  his  note-books  respecting  it : — 

"  1852,  May  19.  Beautiful  pale  green.  37  inches  achromatic, 
power  80." 

'*  1872,  May  9.  Fine  pale  green.  5*5  inches  achromatic, 
power  65." 
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The  pale  green  tint  was  distinctly  marked  when  I  observed  the 
star  with  my  7^inch  refractor  on  August  lo,  though  the  star  was 
three  hours  past  meridian  and  the  sky  rather  hasy. 

At  the  close  of  the  abstract  referred  to  you  remark  "  eye-esti- 
mations are  notoriously  untrustworthy."  To  a  large  extent 
perhaps  this  may  be  true.  In  colour-estimations  one  might  expect 
to  find  strong  marks  of  ^'  personality ; "  and  undoubtedly  such  are 
to  be  met  with.  For  instance,  I  have  been  surprised  that  Struve 
does  not  appear  to  have  remarked  the  decided  blue  tint  of  the 
companion  ol  v  Urs8B  Majoris,  and  that  neither  O.  Struye  nor 
Dembowski  have  noted  the  fine  tint,  a  deep  indigo-blue,  of  B  of 
68  Herculis.  I  have  found,  too,  that  on  some  nights  (not  always 
those  on  which  definition  was  most  perfect)  the  star-colours  were 
more  Tiyid  than  on  others.  Still,  notwithstanding  exceptions, 
there  appears  to  be  so  fair  an  agreement  in  colour-estimations, 
even  under  a  somewhat  arbitrary  and  unscientific  nomenclature, 
that  the  results  of  different  observers  are,  on  the  whole,  fairly 
comparable. 

Perhaps  some  of  your  readers  may  be  disposed,  with  your  per- 
mission, to  give  the  results  of  their  experience  in  "Sidereal 
Chromatics."  I  am,  Sir,  yours  faithfully, 

Enowles  Lodge,  Cackfield,  GeoboE  KkOTT. 

]88o,  August  2o. 

On  the  Observation  of  Star-colours  and  the  Colours  ofS  Cygni. 

Sib,— 

Having  lately  had  to  spend  some  little  time  in  looking  over 
the  literature  of  Star-colours,  and  well  knowing,  in  common  with 
other  observers,  how  difficult  Jt  is  to  estimate  these  colours  in  any 
useful  way  for  want  of  a  good  method  and  special  training,  I  ven- 
ture to  call  the  attention  of  observers  to  this  subject.  No  doubt 
the  abstract  of  Prof.  Holden's  paper  which  you  gave  in  the  *  Obser- 
vatory '  for  August  last,  and  the  remarks  made  thereon,  have  already 
attracted  the  notice  of  many  of  your  readers.  Unfortunately  I 
am  able  to  do  nothing  more  than  call  upon  those  who  are  interested 
in  this  matter,  and  who  feel  able  to  deal  with  its  difficulties,  to 
come  foward  either  with  some  well-considered  plan  or  at  any  rate 
with  a  little  sound  advice  for  the  guidance  of  observers.  For  my 
own  part  I  only  know  that  it  is  only  in  good  states  of  the  sky 
that  I  can  feel  any  satisfaction  in  attempting  to  form  a  judgment 
of  the  colours  of  double  stars.  And  it  is  perhaps  more  than  pro- 
bable that  those  who  use  a  bright  field  ought  to  allow  the  eye  to  rest 
at  least  some  minutes  before  trying  to  record  in  a  dark  field  the 
delicate  colours  of  such  objects. 

All  I  can  pretend  to  do  here,  then,  is  to  say  that  I  have  no  scheme 
to  propose ;  and  this  arises  from  want  of  special  training  of  eye, 
want  of  a  standard  scale  of  colours,  tones,  shades,  &c.,  and  want  of  a 
corresponding  number  of  names  for  the  colours,  tones,  shades,  &c. 
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In  otlier  words  these  three  things  at  least  seem  to  be  essential  to 
the  successful  observation  of  the  colours  of  the  stars : — 

1.  A  standard  scale  of  colours,  hues,  tones,  &c, 

2.  A  corresponding  series  of  colour-names. 

3.  A  careful  studj  of  th^se  colours  and  names. 

Other  important  points  might  be  named,  e.  g,  the  obseryer  would 
ba?e  to  test  his  eje  for  delicacy  and  colour-blindness;  the  instrument 
used  might  influence  his  estimates ;  the  proper  kind  and  intensity 
of  light  used  in  the  observatory  to  illuminate  the  scale  would  have 
to  be  considered ;  the  colour  of  the  illuminated  field  of  the  tele- 
Scope  and  its  effect  on  the  sensitiveness  &c.  of  the  eye  would  be 
another  matter  demanding  consideration;  in  the  case  of  double 
stars  one  should  probably  be  put  behind  a  bar  in  ^  field  while 
the  colour  of  the  other  was  examined,  and  so  on. 

Surely  some  of  your  readers  who  are  accomplished  artists  as  well 
as  practised  observers  could  give  a  little  help  in  this  matter. 

The  Colours  of  h  Cygni. 
Beriiaps  the  following  oontributicm  to  the  observed  colours  of 
this  fine  star  may  be  of  use  to  your  correspondent  Mr.  Kirk : — 

Struve A  subviridis,  viridis ;  B  cinerea,  rubra. 

Deihbowski . .  A  blanche ;  B  oendre. 

Secohi A  flava,  subflava,  alba. 

B  subpurpurea,  c»rulea,  violacea. 

Dawes A  white,  yellowish,  yelloW)  pale  yellow,  light  yellowi 

white,  white,  pale  yellow. 
B  slightlv  blue,  blue,  blue,  blue,  blue,  pale  blue,  pur- 
plish, blue. 

I  am,  Sir,  yours  faithfully, 
Mr.  B.  Cro88ley*8  Observatory,  J.  OlejdHILL. 

Bermerride,  Halifio. 

Smyth^B  ''  Comes  '*  to  Strins. 

Sib,— 

In  the  last  number  of  the  *  Monthly  Notices,'  p.  514,  Mr. 
Bumham  has  kindly  mentioned  my  name  in  connection  with  Smyth's 
distant  comes  to  Sirius  ;  and  as  the  printer  has  \iTongly  introduced 
a  decimal  point,  thereby  making  nonsense  of  the  context,  I  hope 
to  be  allowed  to  make  a  few  remarks  on  the  subject.  The  distance 
instead  of  being  io"*44,  as  printed,  ought  to  be  1044"+. 

Early  last  year  a  friend  asked  me  to  measure  Smyth's  comes. 
I  could  only  find  one  star  at  all  answering  to  Smyth's  position- 
angle,  other  stars  in  the  neighbourhood  being  only  minute  telescopic 
stars  with  my  8-inch  refractor. 

Three  careful  and  accordant  measures  gave  Position=47°-5o. 
But,  to  my  surprise,  the  distance  was  far  too  great  for  the  screw 
of  my  micrometer,  and  I  could  only  make  a  rough  approximation 
by  placing  the  "  comb"  parallel  to  and  close  to  the  line  joining  the 
two  stars. 
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By  counting  the  teeth  (58)  I  made  a  rough  distance « 1044". 

On  a  subsequent  occasion,  I  fixed  one  micrometer-wire  exactly  at 
30  revolutions  from  zero,  and  bisecting  Sirius  with  it,  found  that  I 
had  to,  move  the  other  wire  more  than  28  revolutions  from  zero  in 
the  opposite  direction.  The  mean  of  4  careful  measures  resulted 
in  58748  Rev.=  1061"+,  Epoch  1880-14. 

I  regret  that  this  more  accurate  measure  was  not  made  in  time 
to  be  inserted  in  Mr.  Bumham*s  paper. 

In  thus  employing  the  wire  micrometer  in  measuring  distances 
for  which  it  is  not  adapted,  I  only  claim  for  these  results  that 
^m^  show,  conclusively  the  distance  is  more  than  iooq". 

I  made  a  careful  diagram  at  the  telescope  of  the  principal  stars 
in  the  neighbourhood  of  Sirius,  and  with  a  friend,  a  weU-known 
F.11.A.S.,  compared  my  diagram  with  Smyth's  original,  in  the 
Society's  Library. 

There  are  three  stars  in  the  original  diagram  (besides  Sirius), 
and  these  I  at  once  identified  with  three  in  my  diagram,  one  of 
the  three  being  the  star  measured  above ;  and  my  fnend  said,  no 
doubt  I  had  measured  Sm3rth's  star.  To  conclude,  I  have  taken 
up  this  subject  with  reluctance,  as  I  ever  look  upon  the  *  Celestial 
Cycle '  with  feelings  of  the  greatest  respect. 

I  am,  Sir,  yours  faithfully, 

Hopefield,  Wert  Bulwich,  GlOEGB  Huira. 

1880,  Sept.  3. 


Meteorites  and  the  Sun, 

Sib,— 

In  the  very  able  address  of  Prof.  "W.  Q-.  Adams  to  the 
Mathematical  Section  of  the  British  Association,  he  calls  attention 
incidentally  to  the  occurrence  of  three  magnetic  metals,  iron, 
nickel,  and  magnesium,  alike  in  meteorites  and  on  the  Sun's  surface, 
with  the  view  of  suggesting  an  explanation  of  the  close  relationship 
between  terrestrial  magnetic  phenomena  and  the  movement  of  the 
photosphere. 

I  am  not  aware  that  it  has  been  pointed  out,  except  by  myself, 
that  the  connection  between  the  material  constituents  of  meteorites 
and  of  the  Sun  is  much  closer  than  this.  Of  the  16  metals  which 
have  been  detected  in  the  various  classes  of  meteorites,  14  are 
known  constituents  of  the  solar  envelopes,  the  two  not  so  found 
(tin  and  lithium)  being  exceedingly  unimportant  components,  by 
which  I  mean  that  they  are  found  in  only  very  minute  quantities. 

The  14  metals  thus  common  to  these  bodies,  moreover,  comprise 
nearly  the  whole  of  the  substances  found  in  the  Sun ;  and  though 
most  of  them  are  plentifully  distributed  upon  the  Earth,  it  is 
singular,  if  the  correspondence  could  be  held  to  be  merely  accidental, 
that  so  rare  a  metal  as  titanium  should  appear  in  either  list. 

The  remaining  elements  which  go  to  make  up  meteoric  masses 
are  the  metalloids  oxygen,  sulphur,  silicon,  chlorine,  carbon,  and 
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phosphorus,  none  of  which,  of  course,  if  we  except  the  first,  whose 
presence  in  the  Sun  is  disputed,  have  been  detected  up  to  the 
present.  That  some  or  all  or  them  do  not  exist  in  the  Sun  probably 
few  will  be  disposed  to  assert,  the  opinion  of  spectroscopists  being^ 
generally  in  favour  of  their  presence  in  some  more  elementary- 
form  than  that  with  which  we  are  acquainted  upon  the  Earth. 

Whether  we  regard  meteors  as  bodies  that  are  slowly  falling 
into  the  Sun,  or  as  having  been  originally  thrown  out  firom  that 
body  in  its  frequent  erupHons  (an  idea  that  was  first  suggested  by 
Dr.  Sorby),  the  above  identity  of  material  was  to  be  anticipated, 
and  it  seems  to  me  possible  that  it  may  even  tend  to  suppoit  eack 
of  these  hypotheses.  At  least  it  must  be  held  satisfactory  that  the 
labours  of  chemists  and  spectroscopists  are  thus  far  mutually  con- 
firmatory. I  am.  Sir,  yours  faithfully, 

Orwell  Park  Obeervatory,  JoHN  I.  PlUMMEB. 

1880,  S^t.  20. 

5  Persei. 
Sib,— 

I  have   recently  detected  a  rather  faint  companion   to 
5  Fersei,  and  made  the  following  measures : — 

P=27S°-4  I>=-S"'32  i88o-5^ 

271  •!  5    '85  '592 

274  -2  5    '62  -613 

273  -6  5  '60  i88o*6o 

The  magnitude  of  the  satellite  is  not  less  than  12-5  of  the 
Struve  scale.  I  am,  Sir,''yours  faithfully, 

Chicago,  S.  W.  BUBITHAM. 

1880,  Aug.  29. 


NOTES. 

The  Double  Stab  85  Pegasi  ♦. — This  star,  remarkable  for  its 
large  proper  motion,  was  discovered  by  Mr.  Bumham  to  be  double 
in  July  1878,  and  a  second  series  of  measures  made  about  nine 
months  after  the  first  shows  beyond  all  question  that  the  two 
stars  have  a  common  proper  motion,  and  are  physically  connected. 
The  comparison  stands  thus : — 

o  n 

P08.  angle  274*0        Distance  0-67         1878.73 
284-6  0*75        1879*46 

indicating  rapid  orbital  motion,  though  allowance  must  be  made 

for  uncertainty  in  the  measure  of  such  a  difficult  object.     The  annual 

proper  motion  of  the  large  star  is  i"'3  in  the  durection  138*';  and 

*  Astron.  Naohr.  No.  2319. 
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Mr.  Bamham  thinks  this  will  prove  to  be  one  of  the  most 
interesting  double-star  systems  known.  There  are  but  three  stars 
of  this  class  now  known — 85  Fegasi,  1;  Piscium,  and  /3  Scorpii. 
The  first  is  much  the  easiest  of  the  three,  but  will  require  an 
aperture  of  at  least  12  inches,  as  the  small  star  is  of  about  12  mag. 
of  Staruve's  scale.  They  were  all  discovered  with  the  Chicago 
i8|-inch  refractor.  

OBLiatriTT  OF  THE  EcLiPTio. — ^A  uew  determination  of  the  in- 
clination of  the  ecliptic  is  contained  in  a  doctor-dissertation  by  E.  F. 
van  de  Sande  Bakhuyzen,  of  the  Leiden  Observatory*.  The  author 
discusses  the  declinations  of  the  Sun  observed  at  Leiden  in  the 
years  1864-76,  and  enters  into  all  details  relating  to  the  instrument 
used,  &c.  He  finds  that  the  inclination  for  1870  as  given  in 
Leverrier's  tables  should  be  diminished  by  about  o'''3o.  This 
result  agrees  well  with  Oppolzer's  inclination  f  or  1 8 1 5  brought  down 
to  1870,  with  a  secular  diminution  as  found  by  means  of  the  latest 
values  of  the  planetary  masses. — J,  L,  K  Dreyer, 


Spbcitlations  on  the  Soxtbob  of  Meteobites. — ^A  paper  by  Dr. 
Ball,  with  this  title,  is  published  in  the  Proceedings  of  the  Eoyal 
Irish  Academy  (2nd  series,  iii.  p.  227).  The  author  starts  from 
the  result  of  M.  Tschermak's  investigations,  that  meteorites  have 
had  a  volcanic  source  on  some  celestial  body.  He  shows,  first,  that 
they  cannot  have  come  from  the  Moon,  as  a  projectile  thrown  from 
the  Moon,  and  once  missing  the  Earth,  can  never  fall  thereon,  so 
that  we  should  have  to  suppose  the  lunar  volcanoes  to  be  still  in 
activity  if  the  meteorites  falling  on  the  Earth  at  present  should 
have  come  from  the  Moon.  Li  order  to  get  over  the  large  initial 
velocity,  which  would  be  necessary  to  overcome  the  gravitation  of  a 
large  planet,  it  seems  then  natural  to  inquire  if  a  volcano  on  one  of 
the  minor  planets  could  accomplish  the  task.  Supposing  a  volcano 
of  sufficient  power  (and  if  the  projectile  should  cross  the  Earth's 
track,  the  initial  velocity  could  not  be  much  less  than  that  required 
to  throw  a  projectile  away  from  the  Earth)  was  placed  on  Ceres, 
for  instance,  would  it  be  likely  that  a  projectile  driven  therefrom 
would  ever  cross  the  Earth's  track  ?  If  the  total  velocity  with 
which  it  leaves  the  orbit  of  Ceres  be  less  than  eight  miles  per 
second,  then  the  projectile  will  fall  short  of  the  Earth's  track ;  on 
the  other  hand,  if  the  total  initial  velocity  exceeds  sixteen  miles, 
the  orbit  will  be  hyperbolic,  and  though  it  may  cross  the  Earth's 
track  once^  it  will  never  do  so  again.  Taking  a  mean  between 
these  extreme  velocities,  suppose  that  a  projectile  is  discharged 
from  a  point  in  the  orbit  of  Ceres,  with  an  initial  velocity  of  twelve 
miles,  in  a  random  direction,  what  is  the  probability  that  its  orbit 
shall  cross  the  Earth's  track  ?     When  this  problem  is  solved  in 

*  Bepaling  jbu  de  Hellinj  e'er  EcHptica.    Leiflen,  1879,  8to. 
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accordance  with  the  calealus  of  probabilitiee,  it  is  found  that  the 
chances  against  that  occurrence  are  about  50,000  to  i.  But 
while  none  of  the  other  pUnets,  large  or  small,  are  likelj  to  be  the 
source  of  the  meteorites,  one  planet,  the  Earth  itself,  has  special 
claims  to  consideration,  as  wery  projectile  launched  into  space  by 
primeval  powerful  volcanoes  must  continue  to  revolve  round  the 
Sun  in  orbits  which  cross  the  Earth's  track  in  the  point  from  which 
the  projectile  was  originally  discharged.  At  the  point  of  crossing, 
of  course  a  meeting  of  such  a  body  and  the  Earth  will  often  happen. 
Assuming,  therefore,  that  the  meteorites  have  had  a  quasi-vokanic 
origin  on  some  celestial  body.  Dr.  Ball  is  led  to  agree  with  those 
who  believe  this  body  to  be  the  Earth. 

It  is  interesting  to  compare  this  result  with  the  recent  re- 
searches on  the  structure  of  meteorites  by  M.  Meunier,  who  finds 
that  the  analogy  between  these  bodies  and  the  lower  straUi  of 
our  globe,  whidi  Daubr^  already  had  pointed  out,  is  not  confined 
to  mmeralo^cal  constitution,  but  is  extended  to  the  relation  which 
these  cosmical  materials  present  when  compared  amongst  them- 
selves, as  is  done  for  the  constituent  rocks  of  ^  the  Etath^.—J".  Z. 
E.  Dreyer.  

Two  new  Minor  Planets  have  been  discovered — (me  (No.  217)  by 
M.  Coggia  at  Marseilles  on  Aug.  30,  and  the  other  (No.  218)  by 
Herr  Palisa  at  Fola  on  Sept  4.  Editob. 
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Astronomical  Memoranda,  1880,  October. 

Sun.  Oct  I,  sets  5**  37™,  rises  i8^  4'";  Oct.  11,  sets  5^  I4», 
rises  18^  21";  Oct  21,  sets  4**  53",  rises  18^  38"',«  Oct  31,  sets 
4^  33%  rises  iS**  56°*. 

*  For  these  researches  M.  Meunier  received  ^le  Lalande  prise  iQ  1S79. 
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Equation  of  Time: — Sun  before  Clook,  Oct.  i,  lo"  31* ;  Oct.  11, 
13"  2i»;  Oct.  21,  15"  23»;  Oct.  31,  16"  i8». 

Sidereal  Time  at  Mean  Noon: — Oct.  i,  12**  42'"'4;  Oct.  11, 
13^  2i"-8 ;  Oct.  21, 14^  i"^a ;  Oct.  31,  14**  4o"7. 


Moon. 

r««». 
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25. 

.10  II 
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.  5 

59 
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.11  19 
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.  4 

39 

28. 

.13  39 
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New  Moon,  Oct.  3,  16^  43";  Eirst  Quarter,  Oct.  10,  12^  35'"5 
Full  Moon,  Oct.  17,  i6*»  26";  Last  Quarter,  Oct.  25,  19**  0". 

Mercury  is  an  evening  star,  setting  soon  after  the  Sun. 

F6Hu<  13  an  evening  star.  Diameter; — Oct.  i,  io"*6,  Oct.  31, 
ii"7. 

Oct.    I,  E^.  I3*»  S2"'4,  Bee.  ii*'  6'  S.,  tr.  i*  io°»,  sets  6^  i6» 
31,  16   20  '3  22  25  S.,       I   40  5    40 

M(irs  is  in  conjunction  with  thp  Sun  on  Oct.  25, 

Ju/piter  is  in  Pisces,  in  opposition  on  Oct.  7.  Diameter: — 
Oct.  I,  46"-8;  Oct.  31,  45'''6. 

Oct.    I,  R.A.  o^  58'"-9,  Dec.  4°  31'  N.,  tr.  12'*  14" 
31,  o  44  -4  35  N.,       10     2 

Daily  rate  of  rotation  87o°-7i3=2'  iSo°7i;  Hourly  rate  36°*28  ; 
Period'9*'*923. 

Saturn  is  in  opposition  on  Oct.  18,  situated  between  Pisces 
and  Aries,  about  1 2^  E.  by  N.  of  Jupiter. 

Oct.    I,  E.A.  1^  43"*6,  I>©c.  7°  45'  N.,  tr.  12^  59- 
31,  I   34  '8  6  55  N.,       10   52 

Outer  Biiijg.  Inner  Bing. 

Mig.  Axis.      Min.  Axis.  Miy.  Axis.      lun.  Axis. 
Oct.    I     ..         44"-83         ii"-36         29"-8i         7"-55 
21                45  '06         ID  '96         29  '97         7  '29 

The  south  side  of  the  rmgs  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  14  41'  S.  on  Oct.  i,  and  14°  4'  S.  on 
Oct.  21,  and  of  the  Sun  14*^  12'  S.  and  14°  29'  S. 

Neptune  may  be  found  about  30'  S.  of  <r  Arietis  (B.A.  2**  44"*8, 
Dec.  14**  35'  N.). 

Oct.  I,  B.A.  2^  47~-6,  Dec.  14''  15'  N.,  tr.  14^  3 


BalL 
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Fhetumiena. 
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9  7 
9 

lO 
12 

13 
14 
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10 


II 


12 

15 


12 

i6      7 

lO 
12 
13 
14 
16 
16 


a.M.T. 

h       m 
13     29  J.  i  Ec.  D. 

15  49  J.  i  Oc.  E. 

6  14  J.  iii  Oc.  E. 
8     14  J.  ii  Ec.  D. 

10  51  J.  i  Tr.  I. 

11  S  J-  ii  ^<5-  ^• 
13      4  J.  i  Tr.  E. 

7  57  J.  i  Ec.  D. 
10  15  J.  i  Oc.  E. 

7     30  J.  i  Tr.  E. 

16  o  J.  ii  Tr.  I. 
20  J.  i  Oc.  D. 
15  J.  iii  Oc.  D. 

50  J.  iii  Ec.  E. 
40  J.  ii  Oc.  D. 
35  J.  i  Tr.  I. 
25  J.  ii  Ec.  E. 
48  J.  i  Tr.  E. 

45  [6524]  Oc.  D. 
64^ 

i4[656i]Oc.  D. 
171°. 

46  J.  i  Oc.  D. 
3  J.  i  Ec.  E. 
o  J.  i  Tr.  I. 

46  J.  ii  Tr.  E. 
13  J.  i  Tr.  E. 
32  J.  i  Ec.  B. 
23  16  Piec.    Oc. 

D.  I4I^ 
55  19    Pise.   Oc. 

D.  115^ 
9  45  Pise.  Oc* 

208°. 

30  J.  iii  Oc.  D. 
53  J.  ii  Oc.  D. 

51  J.  iii  Ec.  E. 
18  J.  i  Tr.  I. 

o  J.  ii  Ec.  E. 

31  J.  iTr.  E. 


8 

9 
12 

7 
7 

9 
6 
6 


Oct.  17 
18 

0.1C.T. 

h   m 

II  30 

7  25 

8  44 

10    2 

19 

10  57 
5  56 
8  27 

17   3 

17  56 

30 

II  31 

21 

6  57 

7  38 

22  9      52 

"     59 

23  13    46 


15 

7 

16 

2 

24 

13 

14 

15 

S3 

25 

9 

42 

10 

28 

12 

20 

12 

41 

26 

7 

40 

10 

22 

27 

5 

58 

7 

7 

7 

53 

29 

16 

32 

31 

15 

0 

J.  i  Oc.  D. 
J.  i  Be.  E. 
J.  ii  Tr.  I. 
J.  i  Tr.  I. 
J.  ii  Tr.  E. 
J.iTr.  E. 
J.  i  Oc.  D. 
J.  i  Ec.  E. 
f  Ariet.    Oc. 

D.  137". 
f    Ariet.   Oc. 

E.  238<^. 
32  Tauri  Oc 

E.  266^ 
r  Tauri  Oc.D. 

58^ 
r  Tauri  Oc.  E. 

320^ 
[1774]  Oc.  B. 
250^ 
[1801]  Oc.  E. 

291°. 
J.  iii  Oc.  D. 
J.  ii  Oc.  D. 
J.  i  Tr.  I. 
J.  i.  Oc.  D. 
J.  i  Ec.  E. 
J.  ii  Tr.  I. 
J.  i  Tr.  I. 
J.  ii  Tr.  E. 
J.  i  Tr.  E. 
J.  i  Oc.  D. 
J.  i  Ec.  E. 
J.  iii  Tr.  E. 
J.  i  Tr.  E. 
J.  ii  Ec.  B. 
€  Leo  Oc. 

279^ 
J.  i  Oc.  D. 


E 


*  A  near  approach. 

The  angles  at  Oc.  D.  aud  E.are  reckoned  from  the  apparent  N. 
point  towards  the  right  of  the  Moon's  inverted  image. 

Editob. 
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The  late  Mr.  William  Lassell,  LL.D.,  F.R.S. 

All  life  is  full  of  teaching,  by  mucli  of  which  we  fail  to  profit ; 
but  there  are  few  eyes  so  gross  that  they  fail  altogether  to  catch 
the  beauty  and  the  meaning  of  a  well-spent  human  life.  Such  a 
life  was  that  of  Mr,  William  Lassell ;  and  this  simple  record  of  it 
has  been  prepared  in  the  hope  that  it  may  suggest  (especially  to 
astronomers)  some  valuable  lessons,  and  also  that  it  may  serve 
in  some  sort  as  an  expression  of  admiration  and  of  deep  regret. 

The  moral  and  intellectual  parts  of  man's  nature  are  curiously 
and  closely  connected.  It  is  not  always  the  case  that  in  the  indi- 
vidual both  are  equally  worthy  of  admiration,  and  it  may  happen 
that  the  moral  and  intellectual  parts  of  the  individual,  although 
both  high,  do  not  support  each  owier.  When,  however,  the  moral 
and  intellectual  powers  are  equaUy  high  and  work  harmoniously  in 
mutual  support,  we  have  an  individual  capable  of  advancing  know- 
ledge and  of  working  for  good  in  a  high  degree. 

Astronomy  is  of  purer  eyes  than  to  behold  contentedly  inferior 
natures.  Prom  immemorial  sages,  from  Thales  downwards,  her 
children  have  been  for  the  most  part  distinguished,  not  only  for 
grandeur  of  intellect,  but  for  the  fine  sympathy  that  understands 
an  age's  inarticulate  cry  for  more  light,  for  the  courage  that  can  face 
difficulties,  for  the  eternal  patience  which  loses  not  heart,  and  for 
the  truthfulness  and  self-renunciation  which  are  content  to  work 
for  the  work's  sake.  The  calling  of  the  astronomer  is  not  an  easy 
one ;  it  is  remote  from  the  sympathy  and  comprehension  of  ordinary 
men,  and  is  devoid  of  the  showy  qualities  which  command  general 
attention. 

The  subject  of  this  memoir,  Mr.  William  Lassell,  illustrates  these 
remarks.  His  sympathy,  honesty,  quietness,  constancy,  and  zeal, 
in  combination  with  those  intellectual  gifts  which  constitute  a  keen 
observer,  a  faithful  reasoner,  an  ingenious  mechanist,  all  fitted  him 
to  be  an  observational  astronomer.  And  these  natural  aptitudes 
carefully  cultivated,  fitted  him  to  be  an  astronomical  discoverer. 
For  discoveries  are  not  chance  matters.  Those  who  wish  to 
discover  must  have  their  natural  fitness  developed  by  discipline. 
Original  work  must  be  prepared  for  with  mse  and  patient  energy. 

VOL.  in.  2  8 
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Mr.  Lassell  was  bom  at  Bolton  in  Lancashire,  June  i8,  1799- 
Engaged  in  business,  and  with  no  lai^e  means,  he  began  as  early 
as  1820  to  construct  reflecting  telescopes  for  himself. 

How  many  distinguished  men  in  early  life  have  been  beset  by  these 
difficulties  of  want  of  means  and  of  time !  Does  not  the  struggle 
with  such  difficulties  develop,  as  nothing  else  can,  a  thorough  appre- 
ciation of  the  value  of  every  opportunity,  and  a  certain,  sublime 
strength  to  fight  against  heavy  odds  of  circumstance  ?  There  can 
be  little  doubt  on  this  point,  and  educationalists  will  do  wisely  to 
beware  of  making  every  thing  too  easy. 

Here  it  may  be  remarked  that  the  reflecting  telescope,  in  the 
history  of  which  the  name  of  Lassell  must  always  be  associated 
with  those  of  Herschel  and  the  late  Lord  Bosse,  is  an  exclusively 
British  instrument  in  its  invention  and  improvement,  and  that  we 
owe  the  earlier  reflecting  telescopes  to  amateurs. 

The  first  telescopes  nuide  by  Mr.  Lassell  were  a  Newtonian  of 
7  mcfaes  diameter  and  a  Gregorian  of  the  same  size.  His  next 
step  was  to  make  a  Newtonian  of  9  inches  aperture  of  very  great 
excellence.  Equatoreal  movement  was  given  to  this  telescope  in 
an  ingenious  and  original  mann^,  and  the  instrument  on  this 
account  may  be  said  to  form  an  epoch  in  the  history  of  reflectors 
(Mem<nrs  Soyal  Astronomical  Society,  Vol.  xii.). 

In  1840  Mr.  Lassell  erected  an  observatory  at  his  residence  near 
Liverpool,  happily  named  Starfield,  in  which  the  94nch  Newtonian 
was  mounted*  With  it  he  diligently  observed,  among  other  things 
detecting,  without  knowledge  of  its  eidstence,  the  sixth  star  in  the 
trapezium  of  Orion. 

To  the  observatory  at  Starfield  came  oltea  the  late  Mr.  Dawes, 
whose  delightful  observatory  books  in  my  husband's  possession 
(model  observatory  books  in  selection  and  fulness  of  detai},  and  in 
lucidness  of  expression  and  illustration)  give  many  charming  pic- 
tures of  these  astronomical  friends  in  council.  Many  are  the 
delicate  tests  for  figure  recorded  to  which  the  9-inch  was  subjected, 
and  many  evidently  were  the  discussions  of  observations  and  of 
performance  of  apparatus*  Such  sympathetic  friendship  must 
have  been  most  useful  and  inspiring  to  both  astronomers. 

After  a  time  Mr.  Lassell  conceived  the  bold  idea  of  c(HiBtructing 
a  reflector  of  2  feet  aperture  and  20  feet  focal  length,  to  be  mounted 
on  the  same  principle  as  the  9-inch  Newtonian.  Before  beginning 
this  work  Mr.  Lassell  visited  Lord  Eosse  at  Birr  Castle  and  satisfied 
himself  as  to  the  excellent  performance  of  the  3-feet  telescope.  As 
a  further  preparation  he  contrived  a  polishing-machine  to  imitate 
as  closely  as  possible  those  movements  of  the  hand  by  which  he  had 
been  accustomed  to  produce  perfect  suri^tces  on  smaller  specula. 
The  essential  difference  between  this  machine  and  the  polishing- 
machine  of  Lord  Bosse,  as  stated  by  the  Astronomer  Boyal,  is  that 
"in  Lord  Rosse's  apparatus  every  stroke  is  very  nearly  straight,  while 
in  Mr.  Lassell's  apparatus  there  is  no  resemblance  to  a  straight 
movement  at  any  part  of  the  stroke.'' 
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In  the  many  contriranoea  connected  with  this  machine  and  with 
the  mountings  of  his  telescope  Mr.  Lassell  displayed  that  mechani- 
cal ingenuity  and  versatility  which  Bessel  so  pithily  eulogizes  in 
saying  *'  an  astronomer  should  be  able  to  do  something  with  a  bart- 
wheel  and  a  gun-barrel." 

In  carrying  into  practice  the  plans  for  the  polishing-machine  he 
was  happy  in  having  the  assistandB  of  Mr.  Nasmyth,  a  true  artisb 
in  such  work. 

Mr.  Lassell's  earlier  speculum  metal  differed  from  that  employed 
by  Lord  Bosse  in  that  it  contained  a  small  quantity  of  white  arsenic 
in  addition  to  copper  and  tin.  I  believe,  however,  that  he  omitted 
the  arsenic  in  the  case  of  his  4-feet  mirrors.  He  seems  to  have 
considered  that  the  perfection  of  the  speculum  metal  depended  upon 
the  accurate  relative  proportion  of  the  copper  and  the  dn,  and  that 
this  could  only  be  satisfactorily  ascertained  by  a  series  of  testings 
while  the  metal  was  in  the  pot.  The  polish  and  whiteness  of  his 
specula  were  remarkable.  The  writer  has  seen  some  of  these  spe- 
cula which  even  after  remaining  untouched  for  twenty  years  looked 
as  if  they  had  just  come  frcan  the  workshop.  With  the  2-feet  re- 
flector Mr.  l^sell  discovered,  September  1847,  the  satellite  of 
Neptune,  and  in  September  1848,  simultaneously  with  Professor 
Bond  in  America,  an  8U1  satellite  of  Saturn  (Hyperion).  In  1851, 
after  long  and  careful  search,  he  discovered  two  additional  satellites 
of  Uranus  (Umbriel  and  Ariel)  interior  to  the  two  discovered  by 
Sir  W.  Herschel  in  1787. 

In  1852  Mr.  Lassell  took  out  t^s  telescope  to  Malta  and  observed 
there  through  the  winter  of  that  year.  Among  the  observations 
made,  I  would  mention  those  of  the  nebula  of  Orion,  and  of  various 
nebulfiB  and  star-clusters,  accompanied  by  careful  drawings,  which 
are  recorded  in  the  Memoirs  of  the  Eoyal  Astronomic^  Society 
(Vol.  xxiii.). 

Not  remaining  content  with  the  2-feet  telescope  Mr.  Lassell 
undertook  the  construction  of  tt  much  lai^er  one,  01 4  feet  aperture 
and  37  feet  focus,  mounted  equatoreally.  This  magnificent  instru- 
ment was  erected  at  Malta  in  1861,  and  the  work  done  with  it  by 
Mr.  Lassell,  assisted  by  Mr,  A.  Marth,  during  the  next  four  years 
is  fully  described  in  the  Memoirs  of  the  Eoyal  Astroncnnical  Society 
(Vol.  xxxvi.).  It  consists  of  numerous  observations  of  the  satellite 
of  Neptune  and  of  the  satellites  of  Uranus,  of  observations  of  ne- 
bulsB  and  of  the  planets,  and  of  a  catalogue  of  the  places  of  600 
new  nebulcB  discovered  with  the  4  feet  at  Malta.  One  cannot  help 
regretting  that  the  time  spent  with  this  telescope  at  Malta  should 
have  been  so  comparatively  limited  ;  for  although  it  is  wonderful 
how  much  British  astronomers  have  done  considering  the  unfavour^ 
ableness  of  our  climate  for  celestial  observation,  they  are  only  too 
often  obUged  to  '*  feed  on  glimpses  "  and  to  fill  up  long  intervals 
between  them  by"  guarding  the  Moon  from  wolves,"  like  the  officers 
of  Queen  Quintessence  in  the  old  French  story.  Had  Mr.  Lassell 
continued  to  observe  at  Malta,  the  discovery  of  the  satellites  of 
Mars  might  not  have  been  left  for  America. 
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It  is  surely  also  to  be  regretted  that  the  magnificent  4*fe^  tele- 
scope no  longer  exists. 

After  his  return  from  Malta,  Mr.  Lassell  purchased  an  estate  at 
Maidenhead  and  erected  there  an  observatory  (in  which  he  placed 
his  2-feet  equatoreal)  and  an  excellent  workshop. 

His  experience  in  repolishing  his  4-feet  mirrors  suggested  to 
him  some  alterations  in  his  polishing-machine.  He  carried  out 
experiments  in  connection  with  these  alterations  in  his  workshop 
at  Maidenhead  and  succeeded  in  constructing  an  improved  form 
of  polishing-machine,  which  is  fully  described  and  illustrated  in  the 
Transactions  of  the  Eoyal  Society  (1874). 

Owing  to  (ailing  sight,  Mr.  Lassell  has  not  observed  of  late  years ; 
but  his  interest  in  his  favourite  study  never  flagged.  Notwithstand- 
ing his  great  age  he  was  alive  to  the  importance  of  new  departures 
and  sympathized  much  with  the  great  development  in  astronomical 
physics  which  has  taken  place  during  the  last  twenty  years. 

Mr.  Lassell  died  at  Maidenhead,  without  much  suffering,  October 
5th,  in  the  82nd  year  of  his  age. 

Those  who  knew  him  mourn  the  loss  of  a  valued  friend,  as  well 
as  of  an  astronomer. 

Li  the  calendar  of  science  his  name  is  entitled  to  mi  honourable 
place ;  and  the  story  of  his  life  may  well  stir  many  to  new  enter- 
prise for  the  advancement  of  the  world's  learning. 

Li  1839  Mr.  Lassell  was  elected  a  Fellow  of  the  Boyal  Astrono- 
mical Society,  received  its  gold  medal  in  1849  and  in  1870  was 
elected  its  President.  In  1849  ^®  became  a  Fellow  of  the  Boyal 
Society,  and  received  one  of  its  Eoyal  medals  in  1858.  He  was 
also  an  honorary  Fellow  of  the  Boyal  Societies  of  Edinburgh  and 
of  tJpsala,  and  received  an  honorary  degree  from  the  University 

of  Cambridge.  .  _  _  „ 

^  Mjleoaebt  Lindsat  Huooikb. 


On  the  Great  Southern  Comet  of  i88o. 

Thb  elements  of  the  great  comets  of  1843  and  1880  are  so  nearly 
identical  as  to  render  it  almost  certain  either  that  the  latter  was  a 
return  of  the  former,  or  that  the  two  are  fragments  of  one  original 
comet.  On  the  former  hypothesis  the  perihelion  passage  of  1843 
was  probably  the  first,  as  it  is  incredible  that  frequent  returns  of  so 
briUiant  an  object  should  have  escaped  observation. 

The  identity  of  the  comet  of  1843  ^*^h  that  of  370  b.c.  was  sug- 
gested by  Valz  and  is  regarded  by  Cooper*  as  highly  probable. 
The  elements  of  this  ancient  comet  (assigned  by  Pingr^  from  the 
account  given  by  Aristotle)  seem  not  inconsistent  with  such  a  sup- 
position. This  comet  is  said  to  have  separated  into  two  parts. 
Granting  the  truth  of  this  statement,  may  not  the  periods  of  the  sepa- 
rate comets  have  differed  to  such  an  extent  that  the  times  of  perihe- 
lion passage  are  now  37  years  apart  ?  Prof.  Hubbard's  elaborate  dis- 
*  Cooper's  Cometio  Orbits,  p.  164. 
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cussion  of  the  obeerYations  of  the  comet  of  1843  6^^^  ^  period  of  530 
years — liable,  however,  to  considerable  uncertEunty.  The  interval 
between  b.c.  370  and  a.d.  1843  is  2212  years.  This  is  not  a  mul- 
tiple of  530 ;  but  if  we  assume  it  equal  to  5  periods  of  the  comet  we 
obtain  for  the  interval  between  two  consecutive  perihelion  passages 
442  or  443  years.  The  last  return  previous  to  1X43  ought  in  this 
case  to  have  occurred  about  1401  or  1402.  In  November  1399  ^ 
brilliant  comet  was  seen,  and  in  1402  (only  a  year  from  the  h3rpo- 
thetical  epoch)  two  comets  appeared,  the  first  on  February  8,  the 
second  in  June,  both  of  extraordinary  splendour,  and  both  visible  in 
the  daytime. 

The  previous  apparition,  with  the  period  assumed,  was  about  959. 
A  comet  was  seen  in  that  year  from  October  17  to  November  i. 

The  year  519  was  signalized  by  the  appearance  of  a  large  comet. 
This  was  within  two  years  of  the  date  assigned  by  the  hypothesis. 
•For  the  return  about  jl.d,  72  we  have  no  recorded  comet,  or  at  least 
none  whose  path  was  nearly  the  same  as  that  of  1843  I. 

If  the  comets  of  1843  ^^^  1880  were  both  derived  from  that  of 
370  B.C.,  the  mean  period  of  Gbuld's  comet  has  been  450  years,  or 
between  7  and  8  years  greater  than  that  of  the  other  fragment. 
The  previous  apparition  would  therefore  have  been  due  about  1430. 
Two  comets  are  recorded  in  this,  and  one  in  the  following  year.  A 
comet  appeared  also  in  the  autumn  of  981,  very  nearly  at  the  epoch 
of  the  last  preceding  return.  In  530  or  531  a  large  comet  was 
visible  in  Eurc^,  which  Hind  thinks  was  that  of  Halley.  But  "it 
is  not  impossible,"  Mr.  Chambers  remarks,  "that  there  was  a 
comet  in  each  of  the  above  years,  a  theory  which  might  perhaps 
remove  some  of  the  discrepancies  which  exist  on  the  assumption 
that  there  was  but  one."  At  the  time  for  the  apparition  of  80 
A.D.  we  have  only  the  fact  that  in  the  year  79  "a  comet  was 
visible  for  a  long  time  during  the  illness  of  Vespasian," 

•  The  perihelion  distance  of  the  comet  of  370  B.C.  was  very 
small.  Now  it  is  sufficiently  obvious,  without  any  precise  analysis, 
that  in  the  case  of  a  comet  of  small  perihelion  distance  and  con- 
siderable diameter,  the  mass,  unless  firmly  held  together  by  cohe- 
sive force,  would  be  disrupted  in  perihelion  by  the  difference 
between  the  Sun's  attraction  on  the  central  and  the  superficial 
parts.  The  fragments  would  thus  be  compelled  to  move  in  some- 
what different  orbits,  like  the  meteoric  streams  of  August  and 
November.  The  disruption,  therefore,  of  Aristotle's  comet,  as 
affirmed  by  the  Greek  historian,  is  not  in  itself  an  improbable 
occurrence.  Besides  the  separation  of  Biela's  comet,  other  instances 
of  a  similar  nature  might  readily  be  specified*.  In  short,  either  of 
the  hypotheses  above  suggested  seems  less  improbable  than  that 
such  a  comet  as  1843  I.  or  1880  I.  should  have  made  frequent 
returns  in  modem  times  without  being  observed. 

Should  Gould's  comet  return  about  i9i6or  I9i7we  may  con- 
clude thJM^  it  is  identical  with  that  of  1843  ;  if  not,  the  hypothesis 
*  See  the  author^B  '  Ck)iDet0  and  Meteors,'  Chap.  YI. 
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of  a  conmum  origin  at  a  remote  epoch  may  be  regarded  as  pro- 
bable. 

Bloomington,  Indian*,  U.S.A.  DakUL  KibkWOOD. 

Sept  1880. 


Spectroscopic  Observation  of  Hartwig^a  Comet  (1880  d). 

1 880,  Sept.  30,  7**  30".  After  receiving  the  telegram  from  the 
Academy  oE  Vienna  I  found  the  comet  after  a  short  seaich  for  it. 
It  appears  in  the  telescope  very  bright,  with  distinct  condensation 
and  a  train  of  nearly  2^.  On  finding  it  I  looked  at  the  speetrnm 
with  a  small  spectroscope  by  Merz,  and  as  I  saw  that  the  well- 
known  cometary  spectral  lines  are  bright  enough,  I  changed  t^ 
spectroscope  for  a  larger  one  made  with  Browning's  prisms,  ^  k 
vision  directe ''  by  Heustren  at  Kiel,  after  the  model  of  Prof.  Vogel 
of  Potsdam. 

I  saw  three  lines  and  a  faint  continuous  spectrum.     The  lines 
were  very  diffused  on  both  sides,  and  the  rehition  between  their 
I  0       /   ^^^  (beginning  with  that  near  the  yellow)  was  as  3,  v(  and  4. 

/         I  made  3  micrometrical  measures  of  the  position  of  t^  lines, 
the  mean  of  which  reduced  to  wave-length  is  : — 

(i)  5610,        (2)  5163,        (3)  4856  tenth-metres. 
The  continuous  spectrum  was  observed  from   5628  to  4497 
tenth-metres  of  wave-length.     £  remarked  also  a  very  faint  line 
near  the  yellow,  but  so  faint  that  it  was  not  possible  to  make 
micrometrical  measures  of  its  position. 

1880,  October  i,  7**  50™.  Aiter  setting  the  comet  in  the  tele- 
scope I  measured  the  position-angle  of  the  train,  which  was  very 
large,  and  obtained  the  following  result ; — m=i29°  22''2. 

I  then  measured  the  lines  in  the  spectrum  with  a  spectroscope 
provided  with  an  excellent  Iceland-spar  prism  by  Schmied  and 
Haensch,  of  Berlin,  and  a  fine  bright-line  micrometer  by  Mr. 
Browning.  With  these  instruments  I  saw  very  well  the  4ih 
line,  of  which  I  had  only  suspected  the  presence  the  day  before. 
From  5  measures  of  each  line  I  found  their  positions : — 
(1)5610,  (2)5492,  (3)5163,  (4)4856. 
The  continuous  spectrum  was  observed  from  5708  to  4363 
tenth-metres  of  wave-length. 

After  the  spectroscopic  observation  I  observed  the  comef  s  light 
with  the  polariscope.  The  first  time  I  used  a  Savart  polariscope, 
with  an  excellent  green  tourmaline  by  Steeg,  of  Homburg,  but  no 
results  were  obtained;  with  a  much  more  sensitive  polariscope, 
viz.  that  of  Prof.  Vogel  (containing  a  Nicol  and  an  oscillating  quarts 
plate),  the  cometary  light  was  found  to  be  polarized.  TThe  polari- 
zation of  the  light  was  seen  also  by  M.  Kobold  and  M.  Lakics. 

I  have  also  compared  the  spectral  bands  of  the  comet  with  a 
Geissler  tube  containing  C^.    The  brightest  line  was  not  so  re- 
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frangible  as  F,  and  coincided  with  the  green  line  of  hydrocarbon ; 
that  near  the  red  end  of  the  spectrum  was  mnch  more  refrangible 
than  C,  coinciding  with  the  yellow  line  of  C^H, ;  and,  finally,  the 
blue  coincided  with  the  brightest  blue  band  ot  thiis  gas. 

1880,  October  5,  8**  40".  Up  to  this  day  it  was  very  cloudy,  and 
it  was  not  possible  to  observe  the  comet.  It  appeared  much  fainter 
than  I  expected,  but  only  in  the  telescope.  The  spectrum  was  not 
at  all  fainter,  because  the  condensation  was  more  determined,  and 
gave  nearly  the  same  spectrum.  The  train  was  still  very  small  and 
the  condensation  was  excentrical  on  the  side  of  the  Sun.  During 
the  observation,  the  comet  occulted  a  star  of  8-8*5  magnitude. 

The  appearance  of  the  comet  was  very  diffused  and  irregular ;  it 
was  not  possible  to  fix  sharp  limits  to  it  in  the  telescope.  Using  an 
achromatic  eyepiece  magnifying  208  times,  the  comet  was  extremely 
granulated,  but  no  nucleus  was  visible. 

I  observed  the  spectrum  with  the  Iceland-spar  prism  spec- 
troscope, and  when  the  air  was  very  steady  I  could  measure  all  four 
lines  in  the  comet's  spectrum.  Each  band  was  measured  four  times 
with  the  micrometer. 

It  was  very  difficult  to  measure  the  faint  line,  which  is  the 
second  from  the  red  end,  because  on  illuminating  the  micrometer 
the  faint  band  disappeared.  For  the  illumination  of  the  micro- 
meter, I  used  a  Geissler  tube  of  ordinary  glass,  or  of  uranium 
glass  (green),  containing  nitrogen.  The  following  are  the  results 
of  the  micrometer  measures  : — 

(i)  5609,        (2)  5492,        (3)  5i<59,        (4)  4859- 

The  continuous  spectrum  was  also  measured,  and  I  found  it 
from  5733  to  4315  tenth-metres  of  wave-length. 

After  the  observation  I  made  a  few  measures  with  the  same 
prism  on  the  brighter  bands  of  the  Geissler  tube  filled  with  C^  H3, 
and  found  the  lines  corresponding  to  those  of  the  comet  spectrum 
as  follows : — 
(I)  5588,        (2)  5492,        (3)  5153,        (4)  4859  tienth-metres. 

The  observations  were  made  with  an  excellent  reflecting  telescope, 
by  John  Browning,  of  loj-  inches  aperture,  mounted  equatoreally 
(Lord  Lindsay's  model).  But  I  found  many  inconveniences  in  the 
mounting,  which  I  removed  myself  with  my  engineer.  I  made  the 
clamp  in  E.A.  and  declination  to  act  from  the  eyepiece-end  of  the 
telescope,  and  the  motion  independent  of  the  clockwork  to  work 
with  an  endless  line  from  the  eye-end.  The  rotating  telescope- 
body  is  also  a  serious  difficulty.  It  is  very  hard  to  turn  this  in 
the  winter,  and  as  I  turn  it,  the  star  does  not  remain  in  the  field  of 
view,  because  it  requires  much  force  to  turn  it.  I  got  over  this 
difficulty  by  adopting  a  toothed  wheel  on  the  cradle  and  a  pinion 
on  the  telescope,  turning  it  with  a  fine  steel  rod  from  the  eye-end 
of  the  telescope.  I  adopted  also  an  instantaneous  gearing  for  the 
clockwork  with  the  endless  screw,  so  that  I  can  with  one  line 
work  without  clockwork,  and  in  a  moment,  clamping  the  clock- 
work with  the  screw,  work  with  the  independent  motion  line.     It 
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IB  very  agreeable  to  be  able  to  make  transit  observations  with  the 
instrument  at  one  moment,  and  in  another  to  put  it  in  gear  with 
the  clockwork,  and  to  make  declination  measures  with  the  filar 
micrometer.  Arranged  in  this  manner,  it  is  the  most  convenient 
instniment  for  work  that  I  have  ever  seen. 
O'-Gyalla  Obeerratory  (Hungary),  NlCX)LA8  PB  KONKOLY. 

1880,  October  16. 


T?i€  Advance  of  Astronomy  *. — Part  I. 

AsTBONOMT,  in  some  of  its  forms,  reaches  back  to  the  most  dis- 
tant historical  epochs,  and  the  changes  that  it  has  undergone 
during  this  long  lapse  of  time  give  to  this  science  a  peculiar  interest. 
In  no  other  branch  of  human  knowledge  have  we  such  a  long  and 
continuous  history  of  the  search  after  truth,  of  the  painful  struggle 
through  which  men  have  passed  in  freeing  themselves  from  theories 
approved  by  the  wise  of  their  own  times,  and  in  overthrowing  be- 
liefs which  had  become  incorporated  into  the  life  and  culture  of 
those  times.  Perhaps  the  grand  array  of  the  heavens,  and  the  vast 
phenomena  which  they  display,  naturally  led  men  to  the  invention 
of  complicated  theories  ;  but  these  passed  away  at  last  before  the 
test  of  observation  and  the  criticism  of  sceptical  men ;  and  the 
Copemican  theory  of  our  solar  system,  Kepler's  laws  of  elliptical 
motion,  and  ihe  Newtonian  law  of  gravitation,  gave  to  astronomy 
a  real  scientific  character. 

The  discovery  of  the  laws  that  govern  the  motions  of  the  heavenly 
bodies,  and  the  construction  of  the  theory  of  these  motions, 
demanded  from  practical  astronomy  better  observations  and  a  more 
accurate  determination  of  the  orbits  of  the  planets  and  the  Moon, 
or  of  the  constants  that  enter  into  the  problems  of  celestial 
mechanics ;  and  this  demand  led  to  an  improvement  in  the  instru- 
ments and  in  the  art  of  observing.  The  astronomers  and  instru- 
ment-makers of  England  and  France  led  the  way  in  these  im- 
provements. The  great  national  observatories  of  those  countries 
were  established,  and  in  England,  Elamsteed  and  Sharp,  Bird  and 
Bradley,  were  foremost  in  raising  practical  astronomy  to  the 
condition  of  eatisfying  the  demands  of  theory.  But  theoretical 
astronomy  was  soon  to  receive  a  wonderful  advancement.  Perhaps 
no  one  contributed  more  powerfully  to  this  progress  than  Lagrange. 
The  writings  of  this  man  are  models  of  simplicity  and  elegance ; 
and  yet  so  complete  and  general  are  his  investigations,  that  they 
contain  the  fundamental  theorems  of  celestial  mechanics.  By  the 
invention  and  perfection  of  the  methodof  the  variation  of  the  arbitrary 
constants  of  a  problem,  and  by  the  establishment  of  the  differential 

*  Address  of  Prof.  Asaph  Hall  to  Section  A  of  the  American  Association  for 
tbe  Advancement  of  Science,  August  x88o.    Communicated  by  tbo  Author. 
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equations  of  a  planetary  orbit  depending  on  the  partial  differential 
coefficients  of  a  single  function,  Lagrange  reduced  the  question  of 
perturbations  to  its  simplest  form,  and  gave  the  means  of  deducing 
easily  the  most  interesting  conclusions  on  the  past  and  future 
condition  of  our  solar  system.  To  supplement  this  great  theorist, 
there  was  needed  another  kind  of  senius.  Combining  the  highest 
mathematical  skill  with  unequalled  sagacity  and  common  sense  in 
its  application,  Laplace  gathered  up  and  presented  in  a  complete 
and  practical  form  the  ^  hole  theory  of  celestial  mechanics.  Be- 
sides his  numerous  and  brilliant  dlscoTeries  in  theoretical  astro- 
nomy, Laplace  gave  us  some  of  the  finest  chapters  ever  written  on 
t^e  theory  of  attraction*,  and  a  complete  treatise  on  the  calculus  of 
probability. 

By  such  labours  as  these,  the  questions  of  astronomy  were 
brought  into  order  and  classified,  and  the  attention  of  astronomers 
was  directed  better  than  ever  before  to  the  determination  of  the 
quantities  which  must  be  found  from  observation.  Moreover,  the 
refinement  of  analysis  and  the  completion  of  theory  brought  out 
new  and  more  delicate  questions,  not  less  interesting,  and  requiring 
more  complete  investigation  and  more  powerful  instruments.  Tho 
careful  examination  and  study  of  the  instruments  and  methods  of 
observation  became  necessary,  as  well  as  complete  and  rigorous 
methods  of  reduction ;  and  finally  there  was  needed  a  critical  and 
satisfactory  method  for  the  discussion  of  observations.  Por  these 
last  improvements  in  astronomy  we  are  indebted  chiefly  to  the 
astronomers  and  mechanics  of  Germany.. 

Among  those  who  contributed  by  means  of  their  optical  and 
mechaniod  skill  to  furnish  astronomy  with  the  instruments  necessary 
for  its  further  advancement,  no  one  holds  a  more  honourable  place 
than  Joseph  Frauenhofer.  This  man  began  his  scientific  work  at 
the  age  of  twenty-two  and  died  at  thirty-nine ;  and  yet  in  those 
seventeen  years  he  gave  to  astronomy  great  improvements  in  the 
manufacture  of  optical  glass,  driving-clocks  for  equatoreals,  and 
telescopes  and  micrometers,  that  in  the  bauds  of  Bessel  and  Struve 
gave  to  observations  a  degree  of  accuracy  hardly  thought  of  before. 
To  such  men  as  Erauenhofer  and  his  co-workers,  who  have  carried 
on  and  improved  the  construction  of  instruments  of  precision, 
practical  astronomy  owes  much ;  and  yet,  after  all,  the  principal 
thing  in  a  science  is  the  man  himself.  No  matter  how  excellent 
the  instruments  may  be,  the  question  whether  they  shall  be  used 
for  the  advancement  of  the  science,  and  shall  contribute  the  full 
value  of  their  peculiarities  to  help  towards  increasing  the  accuracy 
of  astronomical  determinations,  depends  wholly  on  the  astronomer. 
Again,  astronomy  is  now  so  completely  a  science,  and  all  its 
operations  are  so  closely  connected  with  theory,  that  no  one  is  fit 
to  have  charge  of  an  extended  series  of  astronomical  observations 
who  has  not  a  fair  amount  of  theoretical  knowledge.  Without 
such  knowledge  his  labour  is  apt  to  be  thrown  away,  and  is  never 
so  effective. 

*  "  £in  Echones  Dccument  der  feineten  analytischen  Eunst." — Gauss. 
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As  a  good  example  of  what  the  modem  astronomer  should  aim 
to  be,  we  may  take  Bessel.  To  this  man  we  owe  a  large  part  of 
our  best  methods  for  the  examination  and  determination  of  the 
errors  of  our  instruments,  and  the  introduoti<m  of  complete  and 
rigorous  methods  for  the  reduction  of  observations.  Bessei  s 
reduction  and  discussion  of  Bradle/s  observations  was  ia  master- 
piece of  its  kind,  bringing  out  the  value  of  Bradley's  work, 
which  had  lain  unnotic^  for  more  than  half  a  century,  and 
forming  a  starting-point  for  sidereal  astronomy.  This  work  was 
continued  and  perfected  in  his  tables  for  the  reduction  of  astro- 
nomical observations,  pul^shed  twelve  years  afterwards — a  work 
that  has  done  more  than  any  thing  else  to  introduce  order  and 
system  into  practical  astronomy.  In  the  discussion  of  instruments 
and  the  determination  of  their  errors,  Bessel*s  conception  of  an 
instrument  was  that  of  a  geometrical  figure,  and  the  positions  of 
the  lines  and  divisions  of  this  instrument  were  considered  with 
corresponding  rigour.  Although  devoted  almost  entirely  to 
astronomy,  yet  Bessel  was  an  able  mathematician,  and  of  this  he 
has  left  abundant  proof.  It  seems  to  be  necessary  that  a  man 
should  die  and  be  lorgott^i  personally  before  his  work  can  be 
fairly  estimated ;  but  time  adjusts  these  matters  at  last,  and  I  know 
of  no  astronomer  whose  work  promises  to  endure  the  judgment 
of  the  future  better  than  that  of  F.  W.  Bessel. 

It  has  been  said  that  for  producing  the  most  puzzling  compound 
of  metaphysics  and  math^atics,  something  which  has  neither 
height  nor  depth,  nor  length  nor  breadth,  and  which  no  one  can 
understand,  the  German  mathematician  is  unequalled.  And  at  the 
same  time  it  must  be  said  that,  for  clearness  of  conception, 
and  beauty  and  precision  of  expression,  Germany  has  produced  in 
Gauss  a  mathematician  who  is  unsurpassed,  and  who  is  worthy  a 
place  by  the  side  of  Lagrange.  Omitting  all  reference  to  the  works 
of  Gauss  in  theoretical  astronomy  and  in  geodesy,  which  are  many 
and  important,  I  refer  here  only  to  his  method  for  the  discussion 
of  observations,  and  of  deducing  the  most  probable  values  of  our 
constants.  Almost  the  entire  work  of  astronomy  is  a  vast  system 
of  numerical  approximation,  in  which  the  first  steps  are  obvious 
and  easy,  but  where  the  theory  soon  becomes  complicated  and  the 
labour  enormous.  Thus  the  calculation  of  the  approximate  orbit 
of  a  planet  or  of  a  comet  is  the  work  of  only  a  few  hours ;  but  the 
computation  of  the  perturbations,  and  the  correction  of  the  elements 
from  aU  the  observations,  may  be  the  woit  of  months  and  years. 
It  is  therefore  of  the  highest  importance  that  we  should  have  a 
method  for  the  discussion  of  observations  that  will  give  us  the  beet 
result,  and  which  will  introduce  order  and  system  into  this  depart- 
ment of  astronomy.  Such  a  method  is  that  of  least  squares.  For 
the  complete  theory  of  this  method,  and  for  nearly  all  the  arrange- 
ments and  algorithms  necessary  for  its  practical  application,  we  are 
indebted  to  Gauss.  The  invention  and  application  of  this  method 
to  the  discussion  of  observations  of  all  kinds  seems  to  me  one  of 
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the  greatest  improyements  of  modem  times,  and  its  proper  use  will 
lead  to  a  steady  progress  in  astronomy.  We  must  remember,  how- 
ever, that  this  method  does  not  undertake  the  improvement  of  the 
observations  themselves,  as  some  have  seemed  to  think  ;  but,  when 
rightly  used,  it  produces  simply  the  best  result  we  can  hope  for 
&om  a  given  series  of  observations.  It  does  not,  therefore,  dispense 
with  skill  and  judgment  on  the  part  of  the  astronomer ;  but  one  is 
tempted  to  say  that,  if  he  has  not  these  prime  qualities,  then  the 
next  best  thing  for  him  to  have  is  the  method  of  least  squares. 
The  use  of  this  method  has  become  one  of  the  chief  characteristics 
of  modem  astronomy ;  and  if  we  compare  the  results  of  its  applica- 
tion with  those  of  the  older  methods,  we  shall  see  its  superiority. 
Thus,  for  example,  no  astronomer  of  to-day,  who  is  accustomed  to 
the  modem  methods  of  discussion,  would  be  satisfied  \vith  the 
manner  in  which  Bouvard  represents  in  his  tables  the  observations 
of  Jupiter  and  Saturn,  but  would  suspect  at  once  some  error  in 
his  theory  of  the  motions  of  these  planets. 

The  present  condition  of  astronomy  is  the  result  of  the  continued 
labours  of  our  predecessors  for  many  generations;  and  to  this 
result  the  lapse  of  time  itself  has  largely  contributed.  For  the  full 
development  of  the  secular  changes  of  our  solar  system,  for  an 
accurate  knowledge  of  the  proper  motions  of  the  stars  of  our 
sidereal  universe,  and  of  the  great  changes  of  Hght  and  heat  that 
are  going  on  among  them,  the  astronomer  must  wait  until  future 
ages.  It  is  his  present  duty  to  prepare  for  that  future  by  making 
the  observations  and  investigations  of  his  own  day  in  the  best 
manner  possible  ;  and  to  do  this  needs  a  careful  consideration  of 
the  present  condition  of  the  science.  Although  the  objects  for  ob- 
servation have  become  so  numerous,  and  the  range  of  investigation 
so  wide,  that  there  is  room  for  the  most  varied  talent  and  skill,  yet 
there  is  danger  that  there  may  be  a  waste  of  labour,  either  in  du- 
plicating work  or  in  doing  it  in  an  improper  manner.  Especially 
may  this  happen  in  observations  of  the  principal  planets  of  our 
system  and  of  the  fixed  stars.  In  the  case  of  the  planets  the  ob- 
servations are  abundant,  and  the  orbits  are  already  well  deter- 
mined, except  that  of  Neptune,  for  which,  on  account  of  its  slow 
motion,  we  must  of  necessity  wait  for  time  to  develop  its  small 
peculiarities,  if  such  there  be.  For  all  these  planets  the  observa- 
tions at  one  or  two  observatories  are  amply  sufScient,  and  even 
then  the  observations  ou^ht  to  be  confined  to  a  short  time  near 
the  opposition,  or  at  quadrature,  and  so  made  that  they  may  be 
easily  combined  into  a  single  normal  position,  which  will  suffice  for 
the  theoretical  astronomer.  To  scatter  such  observations  over  a 
period  of  several  months  is  to  throw  away  one's  labour,  and  to 
leave  to  the  computer  the  disagreeable  duty  of  rejecting  a  part  of 
the  observations  as  useless.  It  seems  to  me,  therefore,  unwise  for 
several  observatories  to  continue  heaping  up  observations  of  the 
four  outer  planets  of  our  system,  when  ten  observations  a  year  of 
each  planet  will  give  all  the  data  -that  are  needed.    Again,  for  all 
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the  principal  planets,  obsen'ation  is  now  in  advance  of  theory,  ex- 
cept, perhaps,  in  the  case  of  one  or  two  of  them.  Thus,  for  Saturn, 
all  the  tables  are  decidedly  in  error,  and,  although  an  attempt  'has 
been  made  to  accuse  the  observations  of  this  planet,  it  is  quite  cer- 
tain that  the  trouble  lies  in  the  theory ;  for  in  the  case  of  Jupiter 
and  Saturn  we  have  the  most  complicated  planetary  theory  of  our 
system,  and  one  that  has  not  yet  been  completely  developed.  It 
seems  to  me  also  that  observations  of  our  Moon  might  well  be 
confined  to  one  or  two  observatories.  Here  again  observation  is 
far  in  advance  of  theory,  if  indeed  there  be  now  in  use  anywhere  a 
pure  lunar  theory.  All  the  lunar  ephemerides  that  we  have  are 
affected  with  empirical  terms,  and  the  lunar  theory  itself  remains 
an  unsolved  mystery.  In  this  case  there  is  no  attempt  to  impeach 
the  observations.  The  trouble  seems  to  be  with  the  perturbations 
of  long  period,  and  this  does  not  call  for  numerous  observations 
during  each  lunation.  By  a  proper  consideration  of  these  matters 
astronomers  may,  I  think,  save  themselves  much  useless  labour. 

Observations  of  the  fixed  stars  are  of  the  utmost  importance  in 
astronomy,  since  the  positions  of  the  stars  are  the  fundamental 
points  on  which  depends  our  knowledge  of  the  motions  of  the 
planets,  the  Moon,  and  of  the  stars  themselves ;  and  it  is  on  account 
of  this  fact  that  Bessel's  tables,  published  in  1830,  were  of  such 
,  great  service,  since  they  introduced  correct  and  elegant  methods 
of  reduction,  and  clearly  defined  all  the  constants  and  epochs.  We 
now  have  the  positions  of  several  hundred  stars  so  well  known  that 
they  may  be  safely  used  in  the  reduction  of  observations ;  and  for 
these  accurate  positions  we  are  largely  indebted  to  the  astronomers 
of  the  Pulkowa  Observatory,  who  have  made  such  absolute  deter- 
minations a  special  work.  There  is  still  an  opportunity  for  the 
improvement  of  these  positions,  and  every  well-executed  determi- 
nation will  be  of  value ;  but  it  is  doubtful  if  crude  and  irregular 
observations  can  add  any  thing  to  our  knowledge  of  the  positions  of 
these  stars.  Neither  can  the  routine,  mechanical  style  of  observing; 
that  is  apt  to  prevail  in  large  observatories,  be  of  much  use  here. 
It  would  be  better  in  most  cases  for  such  observatories  to  assume 
the  positions  of  the  fundamental  stars,  and  to  leave  the  further 
improvement  of  their  places  to  skilful  astronomers  who  understand 
the  theory  of  such  work,  and  who  carefully  study  and  become 
masters  of  their  instruments.  In  these  refined  observations  the 
refraction  of  light  by  our  atmosphere  also  plays  an  important  part, 
and  this  question  will  need  to  be  examined  at  every  observatory 
that  undertakes  to  do  independent  work.  It  is  true  that  every 
new  and  good  meridian  instrument  may,  and  perhaps  ought,  to 
contribute  something  towards  removing  constant  errors,  and  giving 
us  a  more  accurate  knowledge  of  a  star's  position ;  but  when  this 
position  is  very  well  known,  the  only  way  for  further  improvement 
IS  through  complete  and  careful  observations,  and  their  thorough 
reduction  and  discussion. 
In  the  observations  of  double  stars  but  little  had  been  done 
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before  the  present  century,  and  the  labours  of  W.  Struve  form  the 
real  starting-point  in  this  branch  of  astronomy.  These  labours 
have  been  ably  continued  by  his  son,  the  present  Director  of  the 
Pulkowa  Observatory,  and  the  observations  of  these  two  astrono- 
mers, extending  over  a  period  of  nearly  sixty  years,  are  of  the 
greatest  value  for  our  knowledge  of  the  motions  of  the  double  stars. 
This  is  a  branch  of  the  science  into  which  irregular  workers  are 
apt  to  enter,  and  where  some  of  them  have  done  good  service ;  but 
if  any  amateur  astronomer  will  compare  his  own  work  with  that  of 
the  Struves,  and  will  study  the  methods  followed  by  them  in  deter- 
mining their  personal  and  instrumental  errors,  and  will  emulate 
the  steadiness  with  which  they  have  followed  out  their  purpose,  he 
can  do  much  to  enhance  the  value  of  his  labour.  Here  the  obser- 
vations are  siiiiple  and  easily  reduced,  and  the  chief  requisites  are 
skill  and  patience  on  the  part  of  the  observer.  He  shcHild  not  be 
discouraged  because  he  obtains  no  immediate  or  great  reward  for 
his  work,  or  public  notice,  or  because  some  one  who  rants  about 
the  nebular  hypothesis  and  kindred  subjects  of  which  he  knows 
nothing  is  for  a  time  the  great  astronomer  of  the  day.  The  ob- 
server will  learn  finally  that  a  good  observation  of  the  smallest 
double  star,  or  of  the  faintest  comet  or  asteroid,  is  worth  more 
than  all  such  vague  talk.  The  observation  has  a  positive  value, 
however  small,  but  the  physical  theories  of  the  universe,  of  which 
modem  popular  science  is  so  productive,  are  generally  worse  than 
useless. 

The  first  step  towards  a  rational  and  trustworthy  knowledge  of 
our  sidereal  universe  must  come  from  a  determination  of  the  dis- 
tances of  the  stars.  The  solution  of  this  problem  was  attempted 
soon  after  the  Copemican  theory  of  our  solar  system  was  estab- 
lished, when  it  was  seen  that  we  have  a  long  base  line  for  our 
measures,  or  the  diameter  of  the  earth's  orbit,  and  it  was  supposed 
that  the  solution  would  be  easy.  These  early  trials  were  all  failures ; 
but  they  led  to  some  very  interesting  and  important-  discoveries, 
such  as  Bradley's  discovery  of  the  aberration  of  light;  to  the 
knowledge  of  the  fact  that  the  determination  of  the  parallaxes,  or 
the  distances  of  the  stars,  although  simple  in  theory,  is  practically 
a  difficult  question ;  and  then  to  an  improvement  in  the  instru- 
mental means  of  observation,  to  a  careful  study  of  the  methods  of 
observation  and  the  instnunents,  and  to  a  recognition  of  the  neces- 
sity of  a  complete  and  rigorous  reduction  of  the  observations.  An 
examination  of  these  early  attempts  is  an  instructive  study.  It  is 
only  about  forty  years  ago  that  the  solution  of  this  problem  was 
at  last  attained,  and  then  only  by  the  application  of  the  most 
powerful  instruments  and  the  best  observing  skill.  An  interesting 
result  of  the  determinations  of  stellar  parallax  is  obtained  at  once 
in  the  check  it  puts  on  speculations  concerning  the  structure  of 
the  sidereal  universe.  The  first  astronomers  who  considered  the 
parallaxes  of  the  stars  very  naturally  assumed  that  the  bright  stars 
are  nearer  to  us  than  the  faint  ones,  and  therefore  they  observed 
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the  bright  stttrs  for  parallax.  Now,  while  this  assumption  may  be 
true  as  a  general  statement,  the  actual  determinations  of  parallax 
show  that  some  o£  the  faint  stars  which  are  not  visible  to  the  naked 
eye  are  much  nearer  to  us  than  the  brightest  stars  of  our  northern 
sky.  Again  it  was  assumed  that  a  large  proper  motion  is  a  certain 
index  of  a  starts  nearness  to  us ;  but  observation  shows  that  this 
also  may  be  an  erroneous  assumption.  This  is  a  proUem  whose 
solution  is  only  just  begun,  but  already  we  know  enough  of  ita 
difficulties  to  see  that  we  need  the  most  powerful  micrometrical 
apparatus  that  can  be  brought  into  use.  The  inventicm  of  some 
micrometer  that,  while  as  accurate  as  the  present  filar  micrometer, 
would  give  the  observer  a  much  greater  range  of  observation,  and 
enable  £m  to  select  suitable  stars  of  compaiison,  is  something  much 
to  be  desired.  At  present  the  heliometer  seems  to  be  the  best  in- 
strument for  observations  of  this  kind.  ITormerly  it  was  thought 
that  photography  would  furnish  a  good  method  for  such  delicate 
determinations;  but  so  far  the  photographic  methods  have  not 
gi\'en  the  necessary  degree  of  accuracy  in  the  measurements,  and 
the  astronomical  use  of  photography  is  confined  mostly  to  descrip- 
tive astronomy,  where,  especially  in  solar  eclipses,  it  has  rendered 
exc^ent  service.  Closely  connected  with  the  parallaxes  of  the 
stars  and  their  proper  motions  is  the  interesting  question  of  deter- 
mining their  motions  to  or  from  our  sun  according  to  the  theory 
of  Doppler.  Here  likewise  the  numerical  determinations  are  so 
discordant  that  we  cannot  have  much  confidence  in  the  results. 
In  both  these  cases  we  need  more  powerful  apparatus,  and  a  com- 

?lete  and.  thorough  investigation  of  the  methods  of  observation, 
^eriiaps  some  of  the  large  instruments  now  constructing  may  be 
employed  in  these  methods,  and  we  may  soon  have  better  results. 

A  great  advance  has  been  made  in  cataloguing  the  fainter  stars^ 
This  work  was  begun  by  the  French  astronomers  nearly  a  century 
ago,  and  was  continued  by  Bessel,  Argelander,  and  others.  An 
important  step  towards  the  completion  of  this  work  was  taken  by 
Argelander  and  his  assistants  in  their  great  catalogue  of  the  ap- 
proximate positions  of  324,198  stars,  which  was  finished  in  1861. 
This  census  of  the  stars  will  soon  be  extaided,  we  hope,  ov. x  tbe 
whole  heavens ;  and  it  already  forms  the  groundwork  for  the  great 
Eone  observations  of  stars  now  going  on  in  Europe  and  in  this 
country,  and  which  must  be  nearly  finished-.  These  observations 
will  doubtless  reveal  many  interesting  cases  of  the  proper  moticm 
of  the  stars,  and  will  certainly  form  the  basis  for  a  knowledge  of 
the  motion  of  our  solar  system  in  space,  and  for  sidereal  astronomy 
generally,  such  as  we  have  never  had  before.  Our  American  obser- 
vatories can  render  a  good  service  by  observing  stars  of  southern 
declination,  since  our  observatories  are  ten  or  twelve  degrees 
further  south  than  those  of  Europe,  and  thus  have  an  advantage  of 
position  which  ought  to  be  made  use  of,  and  which  may  serve  to 
imite  into  a  harmonious  system  the  observations  made  in  the 
northern  and  southern  hemispheres.    The  work  of  mapping  the 
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yery  ^tint  stars  near  the  ecliptic  has  fdso  boen  greatly  extended, 
and  it  is  to  this  extension  that  we  owe  the  rapid  increase  in  the 
number  of  tlie  small  planets  between  Mars  and  Jupiter.  But 
besides  aiding  in  the  discovery  of  the  asteroids,  accurate  charts  of 
the  small  stars  have  a  permanent  value  in  giving  us  a  knowledge 
of  the  heavens  at  their  epoch,  and  also  some  idea  of  the  distribu* 
tion  of  the  stars  in  space. 

It  is  an  interesting  question  whether,  among  the  thousands  of 
nebula)  that  are  scattered  over  the  heavens,  any  of  them  show 
changes  of  form  or  of  brightness.  These  objects  seem  to  be  at 
least  as  distant  as  the  stars,  and  as  they  have  sometimes  an  area 
of  several  degrees,  they  must  be  bodies  of  an  enormous  extent. 
That  changes  are  going  on  in  these  bodies  seems  probable,  but 
to  be  visible  at  such  distances  the  changes  must  be  very  great. 
In  this  case  l^ere  is  need  of  much  caution  in  the  discussion  of  the 
drawings  made  at  different  epochs  and  by  different  astronomers 
with  telescopes  of  di&rent  power ;  since  the  nebulee  change  their 
appearance  with  the  telescope  used,  with  different  conditions  of 
the  air,  and  with  a  variation  of  their  altitude  above  the  horizon. 
Here  the  excellent  photometers  that  have  been  recently  invented, 
and  which  are  being  so  well  applied  to  the  determination  of  the 
brightness  of  the  stars,  may  give  us  assistance.  Perhaps  also  new 
drawings  of  the  nebulffi,  and  their  criticism  and  discussion,  and  a 
full  recognition  of  the  difficulties  of  making  such  drawings,  will 
soon  lead  to  a  decision  of  the  question  of  their  change  of  form. 
Since  the  study  of  the  light  of  the  stars  with  new  and  improved 
photometers  has  now  become  a  speciality,  we  may  look  for  more 
exact  and  continued  observations  of  the  variable  stars.  This  is  a 
matter  of  which  we  know  but  little,  and  it  is  one  where  a  per- 
severing observer  may  do  good  service.  Although  he  may  not  find 
any  immediate  encouragement  in  the  discovery  of  remarkable  rela- 
tions among  these  stars,  or  the  probable  cause  of  their  variability^ 
he  will  be  collecting  observations  that  must  form  the  test  of  every 
theory.  As  examples  of  the  result  of  intelligent  and  persevering 
observation,  we  have  the  case  of  the  sun-spots,  which  led  directly 
to  the  discovery  of  their  period  and  its  singular  variability ;  and 
that  of  the  shooting-stars,  which  has  shown  us  a  very  curious 
relation  between  these  meteors  and  the  comets,  and  one  which 
may  open  to  us  the  most  extensive  views  of  the  relations  between 
our  own  solar  system  and  other  systems  in  space. 

AbaphHall. 
[To  be  ocmtinued.] 


The  variable  (?)  Star  h  No,  78  near  the  Trapezium  of  Orion. 

In  the  years  1848, 1850-52, 1857-64  the  Bonds  (W.  C.  and  Q.  P.), 
using  the  i5-in.  refractor  of  the  Harvard  University,  examined 
this  and  the  neighbouring  small  stars  on  very  many  oeoasions,  and 
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were  quite  coavinoed  of  its  yariafailitj.  The  detailed  observations 
are  giyen  in  the  *  Annals  of  the  Astronomical  Obsenratory  of  Har- 
vard College,'  Vol.  v.  1867.  The  star  is  there  called  "  Sir  John 
HerscheFs  star,"  «•  h,  No.  78  "  [Sir  John's  number  for  it  in  his 
Cape  Catalogue].  The  observations  may  be  thus  summarised : — 
The  star  was  seen  once  in  Feb.  and  six  times  in  March  1850 ;  once 
in  March  1858 ;  twice  in  Jan.  and  once  in  April  1864 ;  it  was  not 
seen  on  two  nights  in  Feb.  1850,  on  one  night  in  Jan.  and  one  in 
Feb.  1851,  on  one  night  in  Feb.  and  one  in  March  1859,  on  one 
nifi;ht  in  Jan.,  one  in  Feb.,  one  in  March  1861,  on  'one  night  in 
Feb.  1862,  on  one  in  Jan.,  one  in  Feb.,  and  two  in  Dec  1863,  on 
three  in  Jan.,  one  in  Feb.,  two  in  March,  and  one  in  April  1864, 
"  under  circumstances  which  seem  to  leave  no  doubt  as  to  its  in- 
visibility from  faintness ;  and  that  it  disappeared  between  t^e 
dates  1850,  Feb.  i  and  Feb.  7,  reappearing  again  before  March  2, 
and  continued  visible  until  the  15th  of  the  same  month;  that 
between  Dec  30, 1863,  and  Jan.  3,  1864,  it  reappeared,  disappear- 
ing before  the  17th  of  the  latter  month ;  and  that,  invisible  April 
14,  1864,  it  was  phiuily  seen  on  April  16." 

For  comparison  with  these,  O.  Struve's  dates  may  be  given : — 

At  Poulkova,  with  the  15-in.  re&actor,  the  star  was  visible  on 
March  24,  1857;  Feb.  23  and-  Oct.  28,  1858;  Feb.  24,  1859; 
March  6,  1862 :  decidedly  invisible  Oct.  30,  1856 ;  March  18, 
Sept.  2  and  24,  Oct  4,  1857;  Feb.  i,  1858;  Feb.  27  and  28, 
1859;  March  5,  i860;  March  9,  15,  and  27,  April  4,  Sept.  27, 
1861 ;  March  21,  1862. 

A  comparison  of  dates  shows  that  while  the  star  was  *'  invisible 
at  Cambridge  on  Feb.  23,  1859,  it  was  visible  at  Poulkova  on  Fob. 
24,  and  again  disappeared  before  the  27th  of  the  same  month.'' 

The  kind  of  attention  which  was  bestowed  on  the  observations 
by  the  Bonds  will  be  seen  from  such  expressions  as  ihe  following, 
extracted  from  the  note-books : — '*  Very  fine  vision ;  the  small  stars 
easily  seen,  but  the  Herschel  star  has  disappeared."  *'  Bad  seeing, 
but  the  variable  star  is  now  visible  wherever  the  air  is  not  violently 
disturbed."  "  Very  fine  seeing,  and  the  '  A '  star  (variable)  certainly 
not  to  be  seen ;"  "  I  have  been  in  the  constant  practice  of  looking 
for  it  (1864,  April  16)." 

"  1864,  March  14.  No  '  A '  star  since  Jan.  4th,  though  always 
looked  for." 

The  following  extracts  from  O.  Struve's  'Observations  de  la 
Orande  N^buleuse  d'Orion'  will  enable  the  reader  to  see  how 
carefully  and  under  what  circumstances  h  No.  78  was  watched : — 

"  1857,  Mars  18,  7*»  30^".  Aucune  trace  de  78." 

**  1858,  F^vr.  I.  Par  un  ciel  imparfaitement  transparent  etc., 
aucune  trace  de  78." 

"  1858,  F^vr.  23,  5»»  35".  Images ondulautes,"  and  "  1859,  Fcvr. 
24.  Tr^-mauvaises  images."    Yet  78  was  seen  on  both  nights. 

*'  1859,  F^vr.  27,  7^    Bonnes  images.     78  invisible." 
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"  1861,  Mars  15,  6*»  40".  Bonnes  images.  Aucune  trace  de 
78." 

"  1861,  Mars  27,  8**  io"-9*»  10".  Images  tranquilles.  Aucune 
trace  de  78." 

"  1861,  Avr.  4,9**  15".  Par  un  ciel  extraordinairement  trans- 
parent, 78  invisible." 

"78  enfin  est  d'ordinaire  invisible chez  nous  et  ne  se  montre  dis- 
tinctement  que  peu  de  jours  de  suite."  And  tbe  limits  of  the 
ebanges  are  given  as  12*5  mag.  to  invisibility. 

The  meridian  altitude  of  the  nebula  at  Poulkova  is  about  25°,  at 
Cambridge  (\J.  S.)  about  42°,  and  at  the  Cape  of  Good  Hope  60°. 

The  position  of  this  small  star  will  be  readily  understood  from 
the  following  description : — ^Draw  a  line  from  y  to  5  of  the  tra- 
pezium and  produce  it  as  far  again ;  about  this  point,  just  near 
the  edge  of  the  nebulous  matter,  but  really  in  the  dark  space 
beyond,  h  No.  78  will  be  found.  It  will  be  remembered  that  y 
and  h  are  the  two  following  stars  of  the  trapezium,  y  being  the 
more  northern  of  the  two. 

It  may  be  asked  why  special  attention  is  drawn  at  the  present 
time  to  an  object  so  difficult  as  "  No.  78."  Perhaps  the  following 
reasons  may  be  deemed  sufficient  justification : — Firstly,  all  the 
stars,  whether  large  or  small,  which  lie  apparently  in  or  near  the 
wonderful  nebula  of  Orion  will  probably  for  a  long  time  to  come 
bo  extremely  interesting  objects  to  the  student  of  sidereal  astro- 
nomy, and  accurate  information  respecting  their  places,  proper 
motions,  orbital  motions,  variability,  &c.  cannot  fail  to  be  most 
valuable.  Secondly,  such  observations,  if  made  by  different  ob- 
servers in  different  climates,  will  enable  astronomers  to  estimate 
more  correctly  than  has  hitherto  been  possible  the  value  to  be 
assigned  to  such  work  in  this  and  similar  cases.  In  other  words, 
before  much  reliance  can  be  placed  in  the  results  of  observations 
of  such  difficult  objects  we  must  have  many  series  by  /competent 
observers  working  vaih  suitable  instruments  under  different  con- 
ditions as  to  climate.  Thirdly,  it  is  well  known  that  the  Orion 
nebula  is  being  systematically  studied  at  Washington  with  the 
great  26-inch  refractor ;  simultaneous  observations  at  other  places 
would  have,  therefore,  special  interest  and  value.  Fourthly,  by 
careful  observation,  measurement,  and  drawing  it  may  be  hoped 
that  ere  long  many  of  the  strange  discrepancies  which  are  revealed 
by  a  comparison  of  the  drawings  and  descriptions  given  by  Sir  W. 
and  Sir  John  Herschel,  Lament,  Cooper,  Seccbi,  liosse,  &c.  may 
receive  a  complete  explanation.  Lastly,  this  faint  star  is  not  an 
unsuituable  test  of  the  performance  of  large  telescopes  as  regards 
light ;  a  glance  at  this  object  would  also  enable  the  observer  to 
form  a  fair  opinion  as  to  quality  of  the  night  for  certain  kinds  of 
work.  J.  Gledhill. 

Mr.  Edward  Crossl^s  Obseryatory, 
Bermerside,  Halifax. 

VOL.  in.  2  T 
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Three  Test-oljects  for  Telescopes  of  Large  Aperture. 

It  is  needless  to  insist  on  the  convenience  of  having  well-recog- 
nized objects  suitable  for  testing  the  definition  and  light-gathering 
powers  of  the  large  refractors  and  reflectors  which  are  almost 
yearly  being  constructed,  either  by  the  professional  optician  or 
the  wealthy  and  skilled  amateur.  No  doubt  many  such  test- 
objects  have  already  been  selected  ;  but  it  cannot  be  said  that  all 
of  them  have  a  special  interest  independently  of  their  extreme 
faintness.  Of  at  least  one  of  the  three  objects  described  below  it 
may  be  safely  said  that  it  will  probably  prove  one  of  the  most  in- 
teresting to  the  student  of  binary  stars.  As  will  be  seen,  it  is  not 
that  the  stars  alluded  to  are  of  the  most  extreme  faintness  which 
renders  them  so  difficult  and  so  valuable  as  tests,  but  rather  that 
they  are  faint  stars  in  more  or  less  close  proximity  to  bright  ones. 

85  Pegasi. 

EA.  23"*  ss»-9,  Dec.  4-26°  27'.   Mag.  A  6,  B  9,  C  it. 

The  wide  pair  A  0  is  interesting  from  the  fact  that  Briinnow 
has  used  0  for  the  purpose  of  finding  the  proper  motion  of  the  prin- 
cipal star.    The  following  will  sufficiently  describe  this  pair : — 

AO  77®*o  i6"'oo  1870*00  Briinnow. 
49  '8  14  '00  1877*94  Bumham. 
29  •!         IS  •21         1879*61  „ 

B  was  detected  by  Bumham ;  and  his  measures  are : — 
AB        274*^0  o"*67         1878*73        Bumham. 

284-  6  o  -75         1879*46 

The  disooverer  of  this  difficult  object  says  it "  will  require  an 
aperture  of  at  least  twelve  inches  to  show  it."  And  it  may  ot  course 
be  added  that  other  essential  conditions  of  success  infdealing  with 
it  will  be  a  fine  sky  and  a  high  power. 

17  Hscium. 

E.A.  !*»  2S«-i,  Dec.  -h  14**  44'.   Mag.  A4,  B  11. 

Of  this  star  Mr.  Bumham  writes  i^*'  There  is  no  known  pair 
among  stars  of  this  magnitude,  or  brighter,  with  so  dose  and 
minute  a  companion*  I  found  the  highest  power  necessary  to  show 
it  satis&ctorily. . .  .The  small  star  appeared  decidedly  blue." 

i2®*9  i"*02        18787  Bumham. 

(i  Scorpii. 
E.A.  is*»  s8"*s,  Dec.  - 19**  58'.   Mag.  A  2,  B 10,  C  4. 

For  the  wide  pair  we  have 

AC  22*^*4         i3"'io  i823«3  2. 

26  *7        12  *72  1879*7  Bumham. 
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In  1879  ^«  Burnham  found  ihat  the  {Tincipal  star  was  double : 
he  has: — 

AB        Sf'o        o"-73         1879-4. 

As  the  above  are  objects  which  large  apertures  alone  can  deal 
with,  it  is  to  be  hoped  that  at  least  an  occasional  careful  measure 
will  be  made  by  the  fortunate  possessors  of  such  instruments*  One 
thing  is  quite  certain,  these  stars  will  not  be  neglected  by  their 
discoverer.  Josbph  Gledhell. 

Mr.  Edward  OrossleVs  Obseryatory, 
Bermerside,  H&lifiBa. 


The  Measures  of  certain  wide  Double  Stars. 

Ik  his  catalogue  of  Double  Stars,  Vol.  xxxv.  Memoirs  E.  A.  S.,  Mr. 
Dawes,  in  the  notes,  mentions  certain  double  stars  which  were 
selected  by  M.  Otto  Struve  '*  for  comparison  of  my  (Mr.  Dawes's) 
results  with  his  own  and  his  father^s."  These  are  2  1399*  i^94» 
193 1,  S3  Ophiuchi,  (  LyrsB,  02  346,  /3  Lyr©.  I  have  from  time  to 
time  measured  five  of  these  most  carefully,  and  venture  to  think  the 
cesults  may  not  be  uninteresting  to  some  of  your  readers.  I  much 
wish  the  measures  were  more  satisfactory,  though  I  consider  they 
are  fairly  good  on  the  whole.  The  measures  of  these  wide  and 
relatively  fixed  stars  are  only  of  interest  as  comparisons  with  the 
standard  measures  here  quoted,  and  with  one  exception  are  aU  the 
measures  I  have  made  of  these  particular  stars,  so  that  they  are  at 
least  honest  and  unselected. 

My  instrument  is  an  equatoreal  by  Cooke  and  Sons  of  8  ins. 
^rture,  and  the  micrometer  is  a  nne  old  one  by  one  of  the 
DoUonds.  I  have  most  carefully  studied  and  endeavoured  to 
practise  the  valuable  hints  Mr.  Dawes  has  given  in  pages  152-153 
of  his  catalogue.  In  the  position-angles  I  always  "  derange  the 
measures  as  soon  as  read  off,  alternately  in  opposite  directions,' 
so  as  to  eliminate,  as  much  as  possible,  all  bias.  With  the  same 
object  in  view,  in  the  distance-measures,  the  wire  has  been  brought 
up  to  the  star,  alternately  from  too  open  and  too  close  a  distance, 
and  double  measures  on  each  side  of  the  fixed  wire  have  invariably 
been  made.  The  number  quoted  from  Mr.  Dawes's  catalogue  is 
that  of  his  first  measure  of  the  star,  and  is  also  the  number  of  the 
note  where  all  the  particulars  will  be  found.  The  places  and  mag- 
nitudes of  the  stars  are  taken  from  Lord  Lindsay's  edition  of  the 
*  Micrometric©  Mensurae.'  I  have  preferred  exhibiting  each 
night's  work  to  merely  giving  the  mean  of  all  the  nightB.  The 
figures  in  parentheses  denote  the  number  of  observations. 

2t2 
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2  1399  =  Dawes  1293.   Mags.  6*8,  7-8. 
B.A.  9"*  5o"-2  ;  Dec  +20®  20'. 
Poe.  Distance.  Epoch. 


175*07 

3014 

1828-76 

2  on  4  nights. 

i74-8a 

30-37 

40-32 

02  on  4  nights. 

174-60 

30-30 

48-82 

02  on  2  nights. 

175-01 

29-97 

51-29 

Dawes  on  2  nights.* 

175-23(10) 

30-75  (5) 

78-27 

Hunt. 

174*95(6) 

3086  (4) 

79-28 

9* 

•  • 

30-52(5) 

79-34 

>» 

175-50(4) 

30-004(6) 

79-38 

G.  Knott. 

175-09 

30-71 

Mean,  Hunt.. 

Not  being  satisfied  with  my  distances,  I  asked  Mr.  Q.  Knott  to 
measure  the  star,  and  he  very  kindly  sent  me  the  measure  quoted 
above. 

2  1694  =:  Dawes  1549.  Mags.  4-9,  5-4. 
EjL.  12''  48--3 ;  Dec.  +84°  4'. 
Pof.  Biitanoe.  Bpodi. 

O  II 

327-24  21-75  1832-51  2  on  4  nights. 

327*4  22-11  40-51  02on  in.atPulkowa. 

327-40  21-83  48*52  Dawes  on  2  nights. 

326-33(10)  21-82(5)  78-41  Hunt. 

326-57(6)  21-81(4)  79-41 

327-94(7)         ..  79-38            „     Discordant. 

327-17(7)         ..  80-35 

327-12(6)         ..  80-36 

327-03  21-815  ..  Mean,  Hunt. 

Being  much  dissatisfied  with  the  position-angle,  I  have  measured 
it  on  five  nights,  and  I  took  especial  pains  with  the  last  two,  which 
were  very  accordant.  H.  and  S.  measured  this  star  on  two  nights, 
with  a  difference  of  2^-12  between  the  two  measures  of  position. 
These  differences  seem  to  illustrate  the  difficulty,  so  mudi  dwelt 
upon  by  Mr.  Dawes,  of  measuring  the  position  when  it  is  oblique 
to  the  horizon  or  the  vertical 

2  1931  =s  Dawes  1699.    Mags.  6-2,  7-6. 
R.A.  15"^  i2'»-6 ;  Dec.  +10^  50'. 
PO0.  Diatanoe.  Epoch. 


172-51 

13-09 

1832-21 

2  on  4  nights. 

172-80 

13-16 

44-92 

02  on  3  nights. 

172-13 

13-21 

49-79 

Dawes  on  3  nights. 

170-70(7) 

13-59(4) 

80-39 

Hunt. 

172-34(6) 

13-29(5) 

80-40 

« 

171-23(6) 

13-65(4) 

80-43 

» 

*  There  if  a  misprint  in  Mr. 

Dawes's  note; 

the  star  was  measured  on  1 

nighta. 
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The  air  was  very  onsteady  in  my  first  measure,  and  very  tranquil 
in  the  second,  in  which  the  individual  observations  were  very  accor- 
dant, both  in  position  and  distance.  The  mean  of  my  measures  is 
Pos.  171*^*42,  Dist.  i3"'5i,  and  though  inferior  to  those  of  the  great 
masters  quoted  above,  I  am  still  in  very  good  company,  as  Secchi 
measured  this  star  on  two  nights  with  a  diSerence  of  i°*58  in  the 
positions,  while  his  distances  (i3"*398,  i3"*572)  favour  my  larger 
distances.  Even  2  has  a  difference  of  1^*5  between  two  of  his 
position-measures. 

(  Lyr©  =  2  38  Mens.  Microm.  Appendix  I,  =  Dawes  2091. 
Mags.  4-2,  5-5.    BjL.  18'^  4o»-5  ;  Dec.  +37''  28'. 
Foe.  Distance.  Epoch. 


149-67 

4371 

1835-23 

2  on  S  nights. 

150*00 

43-91 

40-71 

OS  on  3  nights. 

149-48 

43-92 

48-56 

Dawes  on  3  nights. 

149-79  (6) 

43-90(4) 

79-79 

Hunt. 

Observations  very  accordant  both  in  position  and  distance. 
/3  Lyr»  =  S  39  Mens.  Micr,  Appendix  I.  =s  Dawes  2095. 
Mags.  3-0,  6-7.    E.A.,18'^  45"-4;  I>ec.  +33""  i3'- 
Fob.  Distance.  Epoch. 


0  ^ 

149-81 

45-77 

1835-23 

2  on  5  nights. 

149-52 

45-85 

40-70 

OS  on  3  nights. 

149-70 

45-93 

48-59 

Dawes  on  2  nights. 

149-2 

45-83 

76-7 

Hall  on  8  nights. 

149-1 

45-^4 

78-39 

Bumham. 

149-52  (10) 

45-95  (5) 

78-71 

Hunt. 

149-04  (7) 

45-87  (5) 

79-80 

»> 

149-40(7) 

79-81 

„     Very  accordant. 

149-32 

45-91 

Mean,  Hunt. 

lis  really  makes  a  remarkable  series. 

Mr.  Bumham  states, 

'Monthly  Notices,'  Vol.  xl.  p.  525,  "The  measure  by  Hall  is  the 
mean  result  of  8  nights."  I  looked  in  vain  for  the  small  star 
"almost  exactly  preceding,"  mentioned  by  Bumham,  'Monthly 
Notices,'  Vol.  xxxv.  p.  47.  These  measures  seem  to  show  that  my 
position-angles  are  not  so  reliable  as  my  distances,  and  that  my 
tendency  is  to  make  the  latter  rather  too  large. 

I  shall  be  grateful   for   any  remarks   that  your  experienced 
readers  may  feel  inclined  to  make  upon  these  measures. 

Hopefield,  West  Dulwich,  OEOSaE  HUKT. 

1880,  September  24. 

Double  Stars  for  November. 
The  following  are  mostly  naked-eye  stars  which  have  been  fouad 
double  or  triple  by  Mr.  Bumham ;  some  of  them  have  long  bean 
known  as  double  stare. 


Digitized  by 


Google 


608  Meteor  Note$.  [No.  48. 

S  17.        R.A.  o^  io«-3,  Dec.  +28**  38'.    Mag.  8,  9-3,  12-13. 
AB  28^-9  27"-o6  18787  0. 

BC         265  '4  2  -04  '7  >5 

S's  distance  of  AB  is  26"-33  in  1830. 
i  Andromed®.        E.A.  o**  32"»-9,  Dec  +30°  !«'•    Mag.  3,  12-5. 
299^-3  27"-86  1878-4  /J. 

19  Piscinm.        E. A.  i^  25~-i,  Dec.  + 14^  44'.    Mag.  3i  4,  "• 
"  A  very  fine,  but  excessively  difficult  pair  "  (/3). 

i2°-9  i"-o2  18787 

S  171.        E.A.  !»»  42"-6,  Deo.  -2°  i'.    Mag.  8-5,  8-5,  12-13. 

AB        iS7°-6  27"-89  1829-9  2- 

159  -8  29  -69  1878-2  /3. 

BO        316  -o  3  -69  1878-2  „ 

48  Cass.        E.A.  i^  52™-!,  Dec.  +70°  19'-    Mag.  5,  7»  iJ-M- 

A  very  small  aperture  will  show  B. 
AB  264^-4  i"-04  1878-7  /3. 

265  -I  I  -05  18787  De. 

AC  49  -4  23  r98  1878-7  /3. 

There  is  a  larger  star  at  82^  45"  (fi). 

S  318  (26  Persei).        E.A.  2''  46"'-i,  Dec.  +37''  S^'-    Mag.  A  6, 

B  7,  C  10. 

AB        i58°-7  o"-34  18787  /3. 

AB&C236-I  14  -04  1878-1 

J.  GUSDHUX. 

Mr.  Edward  Crossley'B  Obserratoiy, 
Bermerside,  Halifax. 


Meteor  Notes  for  November*. 

Otjb  satellite  will  be  full  at  8**  39"  on  the  i6th,  so  that  at  the 
epoch  of  the  Leonids  (i  ith-i4th)  the  sky  will  be  involved  in  moon- 
light. For  an  hour  or  so  preceding  dawn  on  the  13th  and  14th, 
observations  may  be  made  under  the  best  conditions,  inasmuch  as 
the  Moon  will  have  set  and  the  radiant  in  Leo  will  have  attained 
a  considerable  altitude.  The  shower  returned  with  more  than 
ordinary  strength  last  year,  and  its  ensuing  reappearance  may  be 
looked  for  as  highly  probable.  The  Andromedes  are  due  at  the 
end  of  the  month ;  but  the  apparition  of  this  shower  must  be  re- 
garded as  extremely  uncertain.  It  was  expected  to  occur  last  year 
.with  great  intensity,  the  conditions  being  favourable ;  but  not  a 
single  meteor  of  the  stream  was  observed,  though  vigilantly  watched 

*  See  *  Obeervatory,'  VoL  i.  p.  227,  VoL  ii.  pp.  ft42,  and  Vol.  iii.  pp.  201- 
202,  for  further  notes  on  November  showers. 
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for  ftt  manj  places.  The  bright  moonlight  may  have  contributed 
to  this  result ;  but  it  is  certain  that  had  the  displaj  occurred  it 
could  not  hare  escaped  partial  observation.  It  is  therefore  difficult 
to  say  whether  there  will  be  any  marked  revival  of  ttie  shower  on 
the  nights  of  the  25th-a8th  of  the  present  month ;  but  in  any  case 
the  s^  should  be  persistently  scanned  for  any  of  its  meteors.  It 
may  return  with  unusual  splendour,  or  it  may,  as  in  1879,  give  no 
sign  of  its  existence. 

Numerous  showers  of  Taurids,  Aiurigids,  Ursids^  (md  Oamelo- 
pardids  may  be  now  observed ;  but  they  belong  to  a  minor  class  of 
systems  and  will  require  attentive  and  long-continued  observations 
to  distinguish  them.  The  Taurids  are  in  some  years  a  very  active 
display  of  bright  meteors  and  easily  recogniEable  from  the  host  of 
more  slender  streams  which  mark  this  period  of  the  year. 

Larce  meteors  may  be  anticipated  on  Nor.  i,  «»  4,  6-9,  ti-is, 
19  and  27. 

Bscent  Obiervaiions. — Mr.  Corder,  at  Writtle,  observed  a  fine 
meteor  at  about  8^  46^  on  Sept.  29.  It  was  first  equal  to  %y  but 
when  low  in  the  haee  it  seemed  to  set  brighter,  so  that  it  was 
really  =3  $ .  It  was  a  typiod  green  &^eball,  with  slowish  motion 
and  short  train  of  sparks*  The  path  was  approximately  noted  as 
between  Mars  and  Jupitet,  descending  towanu  i  Ceti. 

A  bright  meteor  was  seen  at  the  Observatory,  Dunecht,  on  Sept. 
21,  at  about  9^  i4*  37%  G.M.T.  It  was  equal  to  $ ,  and  passed 
through  the  point  a  306**  34',  h  +42°  14'  (1840),  moving  west- 
wards. 

On  Oct  IT,  at  ID*"  24"*,  a  metewr  ^X  was  observed  by  the 
writer  at  Bristol.  Path  from  250°  +39°  to  251°  +28°.  Motion 
very  swift.  It  left  a  streak  for  fully  15  seconds,  and  presumably 
belonged  to  a  radiant-point  in  Auriga.  W.  F.  DsNunro. 


CORRESPONDENCE. 

To  the  Editor  of  •  The  Observatory: 
The  Standard  Spectrum  Scale. 

SlE,— 

I  had  supposed  that  the  question  of  a  standard  scale  for  the 
spectirum  was  finally  settled,  and  the  scale  of  wave-lengtiis  in 
fractions  of  a  metre  ultimately  adopted  ;  but  in  your  August 
number,  Prof.  P.  Smyth  appears  to  be  of  a  different  opinion.  If 
the  matter  is  not  settled,  allow  me  to  suggest  that  the  natural 
scale  is  one  that  has  reference,  not  to  the  length  of  the  waves,  but 
to  their  frequency.  I  quite  agree  with  Professor  Smyth  that  a 
scale  of  wave-lengths  is  very  awkward,  owing  to  the  contraction  of 
the  spectrum  at  the  violet  end ;  and  I  therefore  consider  that  the 
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theoreticaUy  best  scale  would  be  one  based  on  the  intervals  between 
successive  yibrations,  calculated  in  parts  of  a  second.  Such  a  scale 
would  have  this  advantage,  that  the  same  measures  of  time  are 
used  by  all  nations,  while  those  of  length  are  not.  But  the  great 
fact  in  favour  of  it  is,  that  a  scale  based  on  time  is  a  true  scale, 
while  one  based  on  length  is  not,  except  onlj  when  light  in  vacuo 
is  dealt  with.  This  is  rarely  done ;  indeed  may  we  not  say,  never 
absolutely  ?  for  has  it  ever  been  proved  that  there  is  such  a  thing 
as  a  vacuum  in  nature  ?  The  wave-length  scale  is  therefore  only 
a  conventional  one ;  for  when  a  given  wave-line  is  stated  to  be  of  a 
certain  wave-length,  it  is  only  meant  that  the  wave  would  be  of 
that  length  if  in  vacuo.  And  no  one  ever  saw  such  a  wave  of  light 
of  that  length,  for  the  moment  it  enters  one's  eye  it  is  greatly 
shortened  by  the  density  of  the  eyeball.  What  the  eye  really 
perceives  is  the  number  of  vibrations  in  a  given  time  ;  it  is  this 
which  remains  invariable,  whatever  the  density  of  the  medium ;  and 
it  IS  this,  there  is  every  reason  to  believe,  which  causes  the  parti- 
cular colour  of  each  ray.  When,  too,  the  position  of  a  spectral 
line  is  altered  by  the  motion  of  the  source  of  light — as,  for  instance, 
when  the  rate  or  motion  of  a  star  towards  or  from  us  is  attempted 
to  be  ascertained — ^it  is  not  really  the  length  of  the  waves  that  is 
altered  (this  remains  entirely  unchanged),  but  it  is  thdr  frequena/. 

While  maintaining,  however,  the  theoretical  correctness  of  this 
method  of  measuring  the  spectrum,  I  am  aware  that  there  is  one 
great  practical  difficulty  in  the  way  of  adopting  it — we  do  not 
know  the  frequency  of  vibrations  with  any  accuracy,  because  we  do 
not  know  the  velocity  of  light.  And  I  suppose  we  are  not  likely 
ever  to  know  this  as  accurately  as  the  wave-lengths  in  vacuo. 

There  is  abo  a  small  objection,  viz.,  that  in  the  coiu'se  of  ages 
(if  the  world  lasts  so  long)  the  second  will  alter  its  length  ;  but 
the  same  objection  may  be  said  to  apply,  to  some  extent,  to  Prof. 
Smyth's  scale,  since  the  British  inch  is  based  upon  the  second. 

I  am,  Sir,  yours  truly, 

Sunderland,  1880,  Oct  7.  T.  W.  Bacehouse. 


The  Colours  of  Stars. 
Sib,— 

I  am  glad  to  see  that  Mr.  Gledhill  has  drawn  attention,  in 
this  month's  number  of  the  '  Observatory,'  to  the  subject  of  star- 
colours,  and  the  difficulty  of  forming  useful  estimates  of  these 
colours,  owing  to  the  want  of  a  stan£rd  scale  and  of  a  well-con- 
sidered method  of  observation ;  and  I  would  venture  to  ask  those 
who  are  interested  in  the  matter,  whether  a  standard  scale  of 
colours  could  not  be  constructed  from  the  materials  in  Prof.  Piazsd 
Smyth's  highly  interesting  paper  in  vol.  xxviii.  of  the  *  Trans.  Eoy. 
Soc  of  Edinburgh,'  entitlea  "  Colour,  in  Practical  Astronomy, 
spectroscopically  examined ;  in  1877  and  1878  ?  "  It  is  evidently 
desirable  to  refer  all  simple  colours  and  tints  to  their  places  in  the 
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Solar  specinim,  which  is  the  only  true  unchanging  standard  of 
x^olours  we  possess  (at  least  so  far  as  is  at  present  known),  and  to 
have  the  means  of  knowing  what  combinations  of  simple  colours 
and  tints  form  the  various  compound  colours. 

Having  formed  a  scale,  it  would  surely  not  be  difficult  to  indicate 
the  various  colours  by  suitable  names,  or  by  a  combination  of 
names  and  numbers. 

Mr.  Gledhill  justly  remarks  that  "  the  proper  kind  and  intensity 
of  light  used  in  the  observatory  to  illuminate  the  scale  would  have 
to  be  considered  ;  "  this  is,  in  fact,  a  point  which  may  be  regarded 
as  second  in  importance  to  that  of  constructing  a  standard  scale. 
My  own  experiments  show  that  a  slight  difference  in  the  purity  of 
the  light  illuminating  a  scale  of  colours  produces  a  very  sensible 
difference  in  the  depth  of  some,  at  least,  of  the  colours.  Using 
two  lights  of  the  same  intensity,  but  differing  slightly  in  purity, 
the  shadows  of  an  object  thrown  on  disks  of  different  colours 
exhibit,  in  some  cases,  very  marked  differences,  the  general  effect 
being  that  the  impure  light  lowers  the  colours  in  the  scale  of 
refrangibility.  It  appears,  therefore,  that  in  order  to  obtain  the 
closest  possible  approximation  to  the  true  colours  of  the  stars,  a 
bright  white  light  must  be  used  to  illuminate  the  colours  of  the 
standard  scale.  It  will  also  be  necessary  to  place  a  screen  between 
the  eye  and  the  source  of  light,  and  to  prevent  the  effect  of 
contrasted  colours,  by  exposing  to  the  light  only  those  colours  in 
the  scale  which  are  similar  to  that  of  the  star  under  observation. 
Estimates  of  star-colours  should  be  made  in  a  dark  field,  as 
estimates  made  under  the  coloured  illumination  commonly  used 
by  double-star  observers  cannot  be  regarded  as  entirely  trustworthy; 
and  the  experience  of  most  observers  will  probably  be  found  to 
agree  with  that  of  Mr.  Gledhill,  who  says  "  that  it  is  only  in  good 
states  of  the  sky  that  he  can  feel  any  satisfaction  in  attempting  to 
form  a  judgment  of  the  colours  of  double  stars." 

I  am,  Sir,  yours  faithfully. 
The  Obaerratory,  Birkdale,  Joseph  Baxen dell. 

Oct.  14,  1880. 

7%6  Division  in  Saturn's  Bings. 

Sib,— 

It  appears  evident,  by  a  letter  from  Mr.  Pycroft,  in  the 
'  Athenseum  ^  of  last  week,  that  Mamhead,  a  village  a  few  miles 
south-west  of  Exeter,  not  (as  some  have  thought)  Minehead  on 
the  Bristol  Channel,  was  the  locus  observandi  of  the  brothers 
Ball,  who  first  noticed  the  division  in  Saturn's  ring  in  1665,  which 
is  now  usually  called  Ball's  division.  Will  you  allow  me  to  point 
out,  in  the  *  Observatory,'  that  the  drawing  winch  they  made  does 
not  appear  (although referred  to)  in  the  'Philosophical Transactions,' 
where  their  observation  is  recorded  ? 

It  would  seem  to  have  been  omitted  through  some  inadvertence ; 
and  it  would  doubtless  be  of  interest  if  some  one  who  has  access 
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to  the  original  manuflcrtpts  and  papers  of  the  Boyal  Society,  woold, 
if  possible,  find  it  and  have  it  engraved.  The  record  of  the  obser* 
vation  is  in  the  first  volume'of  the  '  Transactions/  and  the  place  is 
there  called  Mainhead,  which  is  certainly  a  misprint. 

Yours  faithfolly, 
Bkokheatii,  1880,  October  14.  W.  T.  Lmr.    ^ 

A  Bright  Meteor. 

Sib,— 

I  observed  a  very  vivid  streak-leaving  meteor  on  the  even- 
ing of  September  13 ;  but  I  am  sorry  I  cannot  give  the  correct  time, 
as  I  did  not  note  it.     I  should  say  about  8^  30"*  p.m. 
The  following  is  a  rough  estimate  of  the  path : — 

Origin    B.A.  18*^  40",  Dec.  33''  N. 

End 17    20  22  N. 

The  meteor  had  a  striking  a|)pearance  in  presence  of  the  Moon 
'  at  the  advanced  stage  at  which  it  was. 

I  am,  Sir,  yours  truly, 

Ck>upar  Angus,  JOHK  EOBEBTSOIT. 

1880,  Sept.  27. 


NOTES. 

Chromatic  Abebbatiok  op  Objbct-glassbs*. — Prof.  H.  C 
Vogel  has  examined  the  colour-correction  of  the  objectives  by 
Praunhofer,  Grubb,  Schroder,  and  Steinhdl,  belonging  to  the  Pots- 
dam and  Berlin  Observatories,  by  means  of  a  small  direct-vision 
prism  placed  in  front  of  the  eyepiece.  The  spectrum  of  a  star 
viewed  in  this  way  spreads  out  in  a  trumpet-shape  towards  the  red 
and  violet,  since  the  foci  for  those  rays  fail  without  the  visual  focus 
in  consequence  of  the  secondary  chromatic  aberration.  Also  tibere 
will  be  two  points  at  which  the  spectrum  is  reduced  to  a  line,  these 
being  the  two  colours  which  are  accurately  l»:ought  to  the  same 
focus,  and  between  these  again  the  spectrum  spr^s  out  slightly. 
These  nodal  points  shift  towards  the  two  extremities  as  the  eye- 
piece is  drawn  out,  and  thus  the  focus  for  rays  of  any  colour  may 
be  found  by  noticing  when  the  nodal  point  &ills  at  that  part  of  the 
spectrum.  The  distance  through  which  the  eyepiece  has  been 
drawn  out  measures  the  longitu£nal  chromatic  aberration  for  this 
colour.  The  hydrogen  lines  in  a  white  star  afford  convenient  points 
of  reference  for  the  various  parts  of  the  spectrum,  and  thus  Prof. 
Yogel  has  laid  down  curves  showing  the  chromatic  aberration  for 
the  different  parts  of  the  spectrum  in  the  case  of  each  of  the  object- 
glasses  examined.  From  these  it  appears  that  Fraunhofer  paid 
more  attention  to  the  red  rays,  neglecting  the  blue  and  violet,  which 
latter,  as  Prof.  Vogel  explains,  would  be  considerably  absorbed  by 
the  greenish  glass  which  was  then  made.  With  the  colourless 
*  Monateberioht  k.  Akad.  der  Wiflsenschaften,  fierlin,  1880,  April  29. 
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flint  now  used  the  blue  rays  become  more  important,  and  in  Schro- 
der's object-glass  special  attention  is  paid  to  these  at  the  exp^ise 
o£  the  red  rays,  a  fact  which  is  strikingly  shown  by  Prof.  VogeFs 
curves. 


O'-Gtalla  Obseevations. — ^The  volume  published  by  Dr.  N.  de 
Konkoly  contains  spectroscopic  and  other  observations  made  during 
the  years  1872  to  1878  at  the  private  observatory  established  by 
him  nt  O'-Gyalla,  near  Comorn  in  Hungary.  The  instrument 
employed  consisted  of  a  i  clinch  Browning  reflector,  a  6-inch  Merz 
refractor,  a  3 J-inch  Transit-Circle,  and  various  spectroscopes,  clocks, 
Ac.  With  this  equipment  Herr  Konkoly  has  made  a  variety  of 
physical  observations  which  have  been  published  from  time  to  time 
in  the  'Astronomische  Nachrichten '  and  the  '  Observatory,*  and 
are  here  collected  in  a  quarto  volume.  It  contains  observations  ef 
the  spectra  of  several  Comets,  Meteors,  the  eclipsed  Moon,  Light- 
ning, the  Aurora,  Mars,  and  160  stars,  determinations  of  longitude, 
observations  of  the  Transit  of  Venus  in  1874  and  of  Mercury  in 
1877,  a  list  of  magnitudes  of  1840  stars  from  ist  to  5th  magnitude, 
with  approximate  positions,  for  the  preparation  of  star-charts, 
observations  of  Sun-spots  1872-1878  made  with  a  3-inch  refractor 
by  the  method  of  projection,  and  a  large  number  of  meteor-tracks 
observed  from  1871  to  1878.  In  the  plates  are  given  drawings  of 
Mars  in  1877,  of  Saturn,  and  of  various  Sun-spots  and  Solar  Pro- 
minences. 


The  Lick  Obsebtatoet. — ^In  No.  33  we  mentioned  Mr.  Bum- 
ham's  visit  to  Mount  Hamilton,  California,  the  site  of  this  observa- 
tory, and  the  favourable  judgment  he  formed,  after  spending  two 
months  there,  as  to  the  steadiness  of  the  air  and  the  clearness  of 
the  sky.  His  detailed  report  is  now  published,  and  fully  bears 
out  the  statement  that  this  peak,  4250  feet  above  the  sea-level,  is 
one  of  the  best  astronomical  sites  in  the  United  States.  During 
the  60  days  of  Mr.  Bumham's  stay  (Aug.  i7  to  Oct.  16)  there 
were  42  first-class  nights,  7  medium,  and  1 1  cloudy  or  foggy ;  and 
Prof.  G.  Davidson,  of  the  U.S.  Coast  Survey,  considers  fiat  this 
is  not  the  best  time  of  the  year.  At  Mount  Hamilton  Mr.  Burn- 
ham  discovered  forty-two  new  double  stars  with  his  6-inch  refrac- 
tor, some  of  them  prominent  and  well-known  stars.  With  regard 
to  the  equipment  of  the  new  observatory,  Messrs.  Alvan  Clark  and 
Sons  are  constructing  a  12 -inch  equatoreal,  which  will  be  placed 
in  position  early  in  1881,  and  the  large  refractor,  which  is  to  be 
of  36  inches  aperture,  has,  we  understand,  been  ordered  of  the 
same  firm. 


New  Vabiablb  Stabs*. — A  remarkable  variable  of  the  Algol 

*   Astpon.  Naohr.,   Noe.   13*4,    1329,   2332,   2335  ;  Dun-Bcht  Circular, 
No.  10. 
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type  was  discovered  by  Herr  Ceraski  at  Moscow  on  June  23.  It 
is  the  star  B.D.  -f  81  ,  No.  25,  situated  in  Cepheus;  position  for 
1881,  E.A.  o**  51"  48%  Dec.  4-81°  i4'-i,  Mag.  7-5  ;  and,  according 
lo  Dun-Echt  Circular,  No.  10,  Prof.  Pickering  finds  its  true  period 
to  be  2*  II**  47*,  or  nearly  two  days  and  a  half,  being  ha&  the 
period  found  by  Herr  Schmidt  from  his  observations  at  Athens. 
Herr  Ceraski  had  at  first  given  the  period  as  10  days,  or  some 
submultiple  of  that  interval.  Prof.  Pickering  remarks  that  the 
rapidity  of  the  change  is  probably  greater  than  in  the  case  of  any 
other  luiown  variable,  the  variation  exceeding  a  magnitude  in  the 
course  of  an  hour.  The  total  variation  is  more  than  two  magni- 
tudes and  is  all  comprised  within  two  or  three  hours  of  the  mini- 
mum, the  star  remaining  of  its  ordinary  brightness,  7*5  mag., 
during  the  rest  of  the  2J^  days.  According  to  Herr  Schmidts 
observations,  minima  may  be  expected  about  9**  G.M.T.  on  Nov.  2, 
7,  12,  17,  Ac. 

Herr  Duner  finds  the  star  B.D.  +37°,  No.  2771,  87  mag., 
E.A.  16**  30"  5",  Dec.  +37®  38'-i,  to  be  variable.  On  1879, 
June  18,  it  was  of  ^'^  niag.,  on  1880,  June  18,  9*4  mag.,  and  by 
1880,  Aug.  3,  it  had  sunk  to  11  mag.  The  change  of  brightness 
must  therefore  amount  to  at  least  three  magnitudes.  Its  designa- 
tion would  berV  Herculis. 

The  Old  Paeamatta  Obseetatobt. — In  1821,  Lieutenant- 
General  Sir  Thomas  Macdougall  Brisbane,  K.C.B.,  having  been 
appointed  Governor  of  the  colony  of  New  South  Wales,  resolved  to 
avail  himself  of  the  opportunity  thus  afforded  for  promoting  astro- 
nomical science  in  the  southern  hemisphere,  by  causing  an  obser- 
vatory to  be  established  at  Paramatta.  With  this  view  Sir  Thomas 
Brisbane  made  a  coUection  of  astronomical  books  and  instruments, 
and  engaged  two  gentlemen — Mr.  Charles  Eiimker  and  Mr.  James 
Dunlop — to  act  as  astronomers  at  the  intended  observatory.  On  his 
arrival  in  the  colony  in  November  1821,  a  situation  was  fixed  upon 
for  the  observatory  near  what  was  then  Government  House,  in 
Paramatta,  and  there  is  no  doubt  that  his  desire  to  assist  in  the 
work  himself,  and  look  after  it,  induced  him  to  place  the  observa- 
tory so  close  to  his  residence. 

The  building  was  begun  as  soon  as  possible,  and  finished  on  the 
2nd  of  May,  1822.  It  measured  28  teet  on  each  side,  and  had  a 
flat  roof,  above  which  were  two  domes  1 1  feet  6  inches  in  diameter, 
one  on  the  north  side,  the  other  on  the  south ;  under  these  domes 
the  walls  were  curved  so  as  to  form  half  of  a  tower.  In  each  of 
(hese  curved  walls  were  three  windows,  the  onlv  lights  in  the  ob- 
servatory. The  instruments  consisted  of  a  si-feet  transit  instru- 
ment by  Troughton,  a  2-feet  mural  circle  by  the  same  artist,  a 
1 6- inch  repeating  circle  by  Eeichenbach,  and  a  46-inch  equatoreal, 
a  clock  by  Hardy,  and  another  by  Breguet.  The  whole  cost  of 
this  equipment  was  borne  by  Sir  Thomas  Brisbane,  but  was  repaid 
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by  the  colonial  Government  when  he  left  the  colony.  Mr.  Eiim- 
ker  finally  left  the  colony  in  1829,  and  Mr.  Dunlop  was  then 
appointed  astronomer,  a  position  which  he  continued  to  hold  until 
1842. 

The  instruments  were  then  removed,  and  the  building  allowed  to 
fall  out  of  repair.  When  Paramatta  Park  was  placed  in  the  hands 
of  trustees,  the  old  observatory  was  pulled  down  and  trees  planted 
on  its  site. 

A  great  number  of  valuable  astronomical  observations  were  made 
at  Paramatta,  and  it  is  important  to  mark  the  exact  site  of  the 
transit  instrument  with  which  these  observations  were  taken  ;  so 
that  at  any  future  time,  when  it  may  be  necessary  to  use  the  obser- 
vations, the  geographical  position  in  which  they  were  made  may  be 
determined  with  all  the  precision  which  the  then  existing  state  of 
astronomical  science  may  render  possible. 

At  the  instance  of  Mr.  J.  S.  Eamell,  M.L.A.,  a  sum  of  ^r5o 
was  placed  on  the  Estimates,  and  voted  for  the  purpose  of  erecting 
a  suitable  monument  to  mark  the  site  of  the  Paramatta  Observa- 
tory. The  following  gentlemen  were  appointed  trustees  of  the 
work  : — Mr.  James  Squire  Famell,  M.L.A.,  Mr.  James  Bamett, 
Colonial  Architect,  and  Mr.  H.  C.  EusseU,  Government  Astronomer. 
In  execution  of  their  trust,  they  have  had  erected  a  veined  white 
marble  obelisk,  exactly  in  the  position  occupied  by  the  transit  in- 
strument in  former  years.  On  the  east  side  of  the  obelisk  an  out- 
line diagram  of  the  transit  instrument  has  been  engraved,  and  the 
following  inscription : — "  An  astronomical  observatory  was  found- 
ed here  May  2,  1822,  by  Sir  Thomas  Macdou^l  Brisbane,  K.C.B., 
F.E.S.,  Governor  of  New  South  Wales.  This  obelisk  was  erected 
in  1880,  to  mark  the  site  of  the  transit  instrument  in  that  observa- 
tory." 

On  Monday,  March  15,  at  the  invitation  of  Mr.  Famell,  the 
trustees,  accompanied  by  Mr.  Eichards  (Government  Printer),  pro- 
ceeded to  Paramatta  to  inspect  the  work,  and  see  that  the  con- 
tractor had  placed  the  obelisk  in  its  proper  position.  Mr.  Eussell 
furnished  a  plan  of  the  old  obsenatory,  drawn  to  scale  by  the  late 
Eev.  W.  B.  Clarke.  By  means  of  this  the  distance  of  the  old  triuisit 
instrument  from  the  walls  was  found.  Although  the  walls  are  gone 
the  foundations  are  still  there,  and  the  measures  from  these  showed 
that  the  obelisk  is  correctly  placed.  A  photograph  of  it  was  then 
taken,  copies  of  which  will  be  distributed  to  all  astronomical  ob- 
servatories. 

Mr.  Tebbutt  says  : — "  I  am  glad  that  justice  has  at  length  been 
done  to  the  memory  of  Sir  Thomas  Brisbane,  and  that  an  obelisk 
has  been  reared  on  the  site  of  the  old  Paramatta  Observatory  to 
commemorate  the  work  of  that  enthusiastic  astronomer  and  his  as- 
sociates. To  every  enthusiast  in  the  science,  the  little  plot  of 
ground  on  the  elevated  portion  of  the  Paramatta  Park,  near  the 
railway  line,  must  be  a  spot  of  great  interest.  Often  as  I  have 
stood  there  in  the  quiet  solitude  of  the  place  have  I  called  up  to 
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memory  the  patient  toiling  of  those  three  repeaentatives  o£  the 
stars — the  devoted  Brishfuie,  Bumker,  and  Diinlop.  Biimker 
af  terwurds  beoame  the  distinguished  diroctor  of  the  Hamburg  Ob- 
servatory, and  was  succeeded  after  his  death  by  his  son.  Ten 
years  ago  a  portion  of  the  roofless  walls  of  the  Paramatta  Obser- 
vatonr  was  stiU  standing ;  the  semicircular  portions  forming  the 
chambers  for  the  equatoreal  and  tiie  repeating  circle  had,  however, 
totally  disappeared,  and  nothing  but  the  piers  of  the  mural  circle 
remained  to  testify  to  the  astronomical  chs^ter  of  the  ruins.  The 
whole  afEair  was  fast  sinking  into  oblivion,  and  it  was  under  these 
circumstances  that  in  a  paper  which  I  had  the  honour  of  writing 
for  the  GK)vernment  in  1870,  on  Astronomical  Science  in  the  colony, 
I  drew  public  attention  to  the  ruins,  and  suggested  both  that  an 
obelisk  should  be  erected  on  the  spot  and  that  the  geographical 
position  of  the  Observatory  should  be  determined  with  all  the  pre* 
dsion  of  our  modem  instruments.  No  one,  therefore,  more  than 
myself  has  cause  to  rejoice  at  the  step  taken  by  the  Oovemment 
to  preserve  the  memory  of  Sir  Thomas  Brisbane  among  the  gen- 
eral public  of  New  South  Wales." — Sydtuy  Mail. 

The  Diakbtebs  of  Venus  and  Mabs. — The  fifteenth  publication 
of  the  *  Astronomische  GeseUschaf t '  is  entitled  '  Untersuchungen 
iiber  die  Durchmesser  der  Planeten  Yenus  und  Mars  nach  HeHo- 
metermessungen,  &c.,  von  E.  Hartwig,'  Leipdg,  1879,  4to.  The 
heliometers  which  were  used  on  the  German  Venus  expeditions, 
and  afterwards  deposited  at  the  Strassburg  Observatory  for  a 
detailed  investigation  of  their  constants,  have,  by  the  author,  been 
used  to  take  measures  of  the  diameters  of  Venus  and  Mars  during 
the  years  1876-78.  Venus  was  measured  with  two  heliometers, 
and  from  all  the  observations,  the  diameter  at  distance  unity 
(D-f  dD),  and  the  constant  error  of  the  measures  (i),  were  found 
by  a  uiunber  of  equations  of  condition,  of  which  every  observation 
furnishes  one  of  the  form 

cZb  l(D+(;D)+t  or    (2-iD=ldD+»j 
T  ,         r  T 

where  D  is  an  approximate  value  (i7"'5o),  and  r  the  distance  of 

Venus  from  the  Earth.     Herr  Hartwig  has,  in  addition  to  his  own, 

discussed  all  published  observations  by  other  astronomers  (many 

of  them  reduced  anew),  and  the  result  is  that  nearly  all  measures 

are  subject  to  rather  large  constant  errors,  as  the  following  table 

shows : — 

A. — HeluyrMter. 


1820.        Brandes  . . 
1847-49.  Wichmann 
1857.        Winnecke 
1861-63.  Main   . . . . 
1876-77.  Hartwig  . . 


t. 

II 

—  I '096 

-0-436 

—  ro88 

Prob.  Error. 
±0-134 

Aperture, 
mm. 

76 

103 

-1-182 

•091 

190 

-1-233 

•057 

76 
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B. — DoubU-Image  Micrometer  (Airy). 

i.  Prob.  Error.    Aperture. 

1862-65.  Xaiser — ©'772         +©'042         189 

1840-52.  Main   ........    —  0*50?  —  170 

1873.        J-  Plummer    . .    — o'546?  —  152 

C. — BochorCs  Micrometer. 

1810-15,  Arago — 1*519         +0*105         162 

D. — Wire  Micrometer. 

1833-36.  Madler     +  0*651         ±0*073  97 

1854-57. J. Schmidt..  {+-;;J       -^45 1   ,,8* 

1860-63,  Madler    —0*254  —  244 

1838-39.  GWle    — o*86  —  244 

1871,        Vogel  -2-56  —  293*5 

The  negative  sign  of  the  constant  error  for  all  double-image 
observations  is  very  remarkable,  and  it  appears  that  telescopes  of 
all  apertures  make  the  diameter  as  measured  in  daylight  too  small, 
while  there  does  not  seem  to  be  any  law  depending  on  the  aperture. 
In  order  to  try  whether  a  darker  background  would  make  the 
diameter  turn  out  greater,  observations  were  made  in  twilight  on 
five  evenings  in  March,  1879,  and  the  resulting  diameter  was 
o"*4i  greater  than  when  measured  in  full  daylight.  The  greater 
sharpness  and  deamess  of  the  imoge  on  the  darker  background 
explains  probably  this  phenomenon.  In  the  case  of  the  wire 
micrometer,  the  difficulty  in  making  the  contact  of  the  sharply  seen 
spider-line  and  the  far  less  distinctly  seen  edge  of  the  planet, 
must  necessarily  allow  a  far  greater  range  for  individual  errors, 
and  in  the  opinion  of  the  author  this  micrometer  is  not  to  be  re- 
commended for  diameter  determinations.  In  conclusion,  the  mean 
of  the  results  found  at  Oxford,  Leiden,  and  Strassburg,  i7"'552,  is 
adopted  as  the  most  probable  value.  This  result  is  o"'6o  and  o"*6s 
greater  than  those  found  by  Auwers  and  Tennant  during  the  transit 
on  December  8,  1874. 

In  an  appendix  are  riven  extracts  from  the  observer's  diary  con- 
cerning the  visibility  <5  the  un-iUuminated  part  of  Venus.  The 
dark  part  was  repeatedly  seen  in  geocentric  distances  (Yenus— Sun), 
ranging  from  5®  to  22^8. 

^e  second  part  of  Herr  Hartwig's  work  contains  his  researches 
on  the  diameter  of  Mars.  His  and  his  predecessors'  measures 
were  reduced  in  the  same  manner  as  those  or  Venus.  The  constant 
error  is  generally  very  small,  and  does  not  show  any  regularity. 
From  Arago's,  Bessel's,  Kaiser's,  Main's,  and  Hartwig^s  measures, 
the  following  result  for  distance  unity  is  derived :  Pdar  Diam.  &■ 

*  Fowws  lao  «od  90  reepeotively. 
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9*'349  ±  o"'Oio,  or  by  simply  taking  the  mean  of  the  fonr  deter- 
minations, 9"'3S2. 

The  ellipticity  of  Mars  has  not  yet  been  found  in  a  satis&ctory 
manner.  The  Strassburg  observations  gave  the  two  diameters 
9"'3ii  and  9" '$^9*  Bessel  found  no  difference  whatever,  but  the 
other  observers  have ;  ^  is  the  mean  of  Encke's,  GhiUe's,  and  the 
above-named  observer's  results.  The  opposition  in  1879  was  very 
favourable  for  the  determination  of  the  ellipticity,  as  weU  as  of  the 
position-angle  of  the  axis  of  rotation,  as  shortly  after  the  culmina- 
tion the  polar  and  equatoreal  diameters  made  equal  angles  with 
the  vertical,  whereby  personal  errors  depending  on  this  angle  would 
be  eliminated.* — J.  L,  E,  Dret/er, 


DoxnsLB  Stabs. — ^Volume  xliv.  of  the  Memoirs  B. A.S.  contains 
a  very  extensive  work  by  Mr.  Bumham — '  Double  Star  Observa- 
tions made  in  1877-78,  at  Chicago,  with  the  i8J-inch  refractor  of 
the  Dearborn  Observatory,  comprising :  I.  A  Catalogue  of  25 1  New 
Double  Stars  with  Measures ;  II.  Micrometrical  Measures  of  500 
Double  Stars.' 

Up  to  a  few  years  ago  the  Dearborn  refractor,  with  which  Clark 
discovered  the  companion  of  Sirius  in  1862,  was  kept  perfectly 
idle,  the  original  dome  being  a  mechanical  failure,  only  fit  to  act  as 
an  extinguisher.  It  has,  however,  since,  in  the  hands  of  Mr. 
Bumham,  done  excellent  work.  Confining  himself  to  the  subject 
of  double  stars,  this  distinguished  observer  has  in  the  course  of  six 
or  seven  years,  first  working  with  a  6-inch,  afterwards  using  the 
i8||-inch  refractor,  made  this  subject  his  own  to  an  extent  which  is 
truly  surprising.  Though  many  observations  are  yearly  being 
taken  of  aouble  stars  by  a  good  many  observers,  the  study  of  these 
important  objects  is  by  no  means  being  furthered  to  the  extent  one 
should  have  expected  from  the  vast  amount  of  time  and  labour 
expended.  As  Mr.  Burnham  justly  remarks,  in  the  pre&ice  to  the 
paper  we  are  here  considering,  many  observers  have  gone  on  from 
year  to  year  observing  over  and  over  again  the  same  familiar  stars,  of 
which  Castor,  y  Virginis,  e  Lyrffl  may  be  cited  as  examples.  Couples 
which  small  instruments  of  three  or  four  inches  aperture  would  show 
sufficiently  weU,  are  thus  again  and  again  being  observed  with  fine 
refractors  of  six  or  seven  inches  aperture  or  upwards,  while  a  very 
great  number  of  stars  are  hardly  ever  if  at  all  looked  for.  "  Omit 
the  observations  of  Dembowski  and  O.  Struve,  and  our  knowledge 
oE  nine-tenths  of  the  double  stars  would  not  be  materially  advanced 
ia  the  last  thirty  years."  Mr.  Bumham  has  from  the  beginning 
shown  that  he  does  not  follow  the  ordinary  beaten  track,  and  his 
numerous  discoveries  of  close  and  difficult  pairs  have  proved  him  to 
be  an  unusually  sharp-sighted  and  attentive  obsener.  In  nine 
previous  lists  he  had  given  the  places  of  482  new  double  stars, 

*  [Prof.  0.  A  Young's  '  Measures  of  the  Polar  and  Equatoreal  Diameters  of 
Mar?' (•  Ohservatory,'  No.  39,  p.  471)  were  made  at  the  opposition  of  1879, — Ed.1 


Digitized  by 


Google 


1880.J  Notes.  619 

mostlj  rather  difficult  pairs,  which  few  would  have  discovered  with 
a  6-inch  refractor.  The  present  (tenth)  list  of  251  new  objects 
raises  the  total  number  of  new  double  stars  discovered  by  Mr. 
Bumham  to  733 ;  of  these  251  stars,  75  pairs  are  less  than  i" 
apart.  His  observations  of  old  double  stars  embrace  chiefly  those 
which  require  a  large  aperture  to  be  brought  out  well,  or  which 
have  not  been  recently  observed  by  others.  Particular  attention 
has  also  been  paid  to  certain  difficult  pairs  discovered  by  Mr.  Alvan 
G.  Clark. 

Mr.    Bumham    has    already,  in    the    *  Monthly  Notices '  for 
December,  announced   his   further   discovery  of  the  duplicity  of 
fifteen  naked-eye  stars,  among  which  the  quadruple    system  86 
Virginis  and  the  triple  system  B.A.C.  4531  deserve  special  notice. 
No.  5  of  the  publications  of  the  Cincinnati  Observatory  contains 
*  Micrometrical  Measurements  of  1054  Double  Stars  from  January 
ist,  1878,  to  September  ist,  1879.*    These  observations  are  partly 
made  with  a  view  to  the  preparation  of  a  catalogue  of  all  double 
stars  between  the  equator  and  30°  south  declination,  partly  in 
order  to  re-examine  such  objects  as  Mr.  Bumham  has  found  to 
need  re-observing.     These  latter  stars    are    not   limited  to  the 
southern  hemisphere.      A  few  others  have  been  entered  in  the 
working  lists  chiefly  to  aid  in  the  investigation  of  personal  equa- 
tion between  the  director,  Mr.  Ormond  Stone,  and  Mr.  H.  A.  Howe. 
A  great  deal  of  trouble  has  been  bestowed  on  the  investigation  of 
this  equation,  which  for  position-angle  is  expressed  by  the  formula 
€=a-f-w/3+wV+     •  •  •  »  where  a,  /3,  y,  Ac.,    depend    on    the 
observer  and  the  angle  with  the  vertical,  while  ai  is  the  reciprocal 
of  the  visual  angle  v,  the  latter  being  found  by  multiplying  the 
distance  in  seconds  of  arc  by  the  ratio  between  the  power  used  and 
a  certain  standard  power.   In  observations  of  distance  any  apparent 
displacement  caused  simply  by  personal  peculiarities  is  supposed 
to  produce  an  effect  inversely  proportional   to   the  magnitying- 
power ;  if /i  be  the  reciprocal  of  the  power,  the  equation  in  distance 
is  therefore  €'=/*  (a'+v/3'-f-vV4-  .  .  .)•    The  mean  results  have 
also  been  compared  with  W.  Struve's  *  MensursB  Micrometricse.' 
Though  the  discovery  of  new  double  stars  has  only  been  considered 
a  secondary  object,  nearly  200  new  pairs  have  been  detected  during 
the  progress  of  the  work  at  Cincinnati.   The  measures  are  all  given 
in  full  detail  and  occupy   151  pages  ;  the  mean  results  are  given 
separately.     The  whole  forms  a  carefCilly  prepared  volume  printed 
with  the  elegance  usual  in  American  publications. 

The  systematic  errors  in  measures  of  double  stars  have  been  in- 
vestigated by  Professor  Thiele  in  a  paper:  'Castor,  Calcul  du 
mouvement  relatif  et  Critique  des  observations  de  cette  ^toile 
double '  (Copenhagen,  1879).  The  author  has  chosen  Castor  partly 
because  the  orbital  motion  is  slow  and  can  be  represented  by  a 
simple  formula  of  interpolation,  partly  because  it  has  been  very 
frequently  measured  by  almost  all  observers  of  double  stars.  First, 
three  normal  places  were  formed  which  represented  the  distauces 
VOL.  ni.  2  u 
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and  poeitioQ-angleB  observed  since  1815,  and  an  angle  of  position 
from  Bradley's  and  W.  Herschers  measures.  From  these  and  the 
ratio  of  the  sector  to  the  time  formal®  for  computing  distance  and 
position-angle  as  functions  of  time  bj  means  of  the  eccentric 
anomaly  were  derived,  and  an  ephemeris  computed  from  17 18  to 
1 7 19.  With  this  ephemeris  all  individual  obsiervations  by  every 
observer  were  compared  and  the  mean  error  determined  for  every 
observer  within  such  a  period  during  which  he  might  be  supposed 
not  to  have  changed  his  way  of  measuring.  Every  observer  is  now 
followed  from  one  period  to  another  and  the  changes  in  the  mean 
error  determined,  whereby  variations  in  his  systematic  error  would 
reveal  themselves. 

Dr.  Seeliger  has  made  an  elaborate  examination  of  Madler's 
measures  (*  Astronomische  Nachrichten/  No.  2288).  Madler's  dis- 
tances appear  to  be  considerably  less  accurate  than  O.  Struve's, 
while  his  position-angles  do  not  appear  to  have  larger  mean  errors 
than  those  of  O.  Struve.  The  results  of  a  direct  comparison  between 
Madler's  and  O.  Struve's  Pleasures  are  rather  puzzling,  the  quickly 
moving  binaries  showing  no  regularity  whatever  in  the  rather  con- 
siderable difference  of  distances,  while  pairs  moving  more  slowly 
or  not  at  all  show  errors  varying  more  gradually  according  to  the 
distance.  Considering  the  great  number  of  measures  Madier  took, 
they  would  certainly  be  worth  a  thorough  examination. 

Dr.  Doberck  publishes  elements  of  ^6  Andromedie,  y  Leonis, 
2  3062,  02  298,  4  Aquarii  and  /x'  Herculis,  also  approximate 
element*  of  a  Centauri  (Astr.  Nachr.). — J,  L,  E.  Dreyer. 

Hartwig's  Comet. — A  bright  comet,  just  visible  to  the  naked 
eye,  with  a  tail  about  2°  long,  was  discovered  by  Dr.  Hartwig  at 
Strassburg  on  September  29,  and  picked  up  independently  by 
Prof.  Harrington  at  Ann  Arbor  on  Sept.  30,  and  by  Mr.  BaxendeU 
at  Southport  on  Oct.  3.  As  usual  in  such  cases,  there  was  a 
mistake  in  the  telegram  announcing  the  discovery,  the  declination 
being  given  as  200  145  instead  of  29°  45',  and  the  time  of  obsep- 
vation  7549  instead  of  7**  49".  In  the  telegram  from  the  Smith- 
sonian Institution,  Washington,  two  dates  were  mentioned,  viz. 
Oct.  I  the  date  of  despatch,  and  Thursday  (Sept.  30)  the  date  of 
discovery ;  and  it  was  doubtful  to  which  of  these  dates  the  place 
given  referred.  According  to  the  code  adopted  by  the  Smithsonian 
Institution,  it  should  have  referred  to  Washington  midnight  of  the 
date  of  despatch,  Oct.  i ;  but  as  this  convention  has  never  been 
adhered  to,  it  seemed  more  likely  that  the  position  of  the  comet 
was  given  for  the  date  of  discovery,  Sept.  30 ;  and  this  turned  out 
eventually  to  be  the  case.  Mr.  Baxendell's  telegram,  *^  Last  night 
bright  comet  near  Alpha  Coronse  moving  rapidly  eastwards,"  though 
coming  somewhat  late,  gave  in  a  few  words,  without  a  possibility 
of  mistake,  more  useful  information  than  both  the  other  long  tele- 
grams put  together.  In  view  of  the  annoying  mistakes  which 
invariably  occur  in  these  telegrams,  we  are  glad  to  hear  that  the 
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question  of  the  transmission  of  news  of  Astronomical  discoveries  on 
some  uniform  and  simple  system  has  been  taken  up  by  the  German 
astronomers,  and  that  Dr.  Gbuld,  who  has  lately  been  on  a  visit 
to  Europe,  has  undertaken  to  lay  their  views  before  the  astrono- 
mers of  the  United  States.  Hitherto  the  facilities  so  liberally 
given  by  the  telegraph  companies  have  been  utilized  solely  for  the 
somewhat  uninteresting  announcements  of  the  discoveries  of 
asteroids. 

The  spectrum  of  this  comet  was  examined  at  Greenwich  on  Oct.  7, 
II,  and  12,  and  was  found  to  consist  of  the  three  usual  cometary 
bands  ;  and  a  number  of  measures  were  made  of  the  position  of 
the  brightest  band  as  compared  with  the  bands  in  the  spectrum  of 
alcohol  vapour  (in  a  vacuum-tube)  X  5198,  and  of  the  Bunsen- 
bumer  flame  X  5165.  The  measures,  however,  are  not  sufficient 
to  decide  which  of  these  two  bands  is  really  coincident  with  the 
cometary  band.  Unfortunately  cloudy  weather  at  Q-reenwich  pre- 
vented any  observation  till  Oct.  7,  and  the  comet  had  by  that  time 
greatly  diminished  in  brightness. 

Prof.  0.  A.  Young  has  spectroscopicaUy  observed  the  comet  on 
three  evenings,  and  finds  that  it  gives  the  same  spectrum  as  all  the 
others  he  has  tried — sensibly  identical  with  that  of  the  bluish  part 
of  the  Bunsen-bumer  flame,  so  far  as  can  be  made  out  with  one 
prism. 

Prof.  Winnecke  *  considers  it  highly  probable  that  this  comet  is 
identical  with  that  of  1 506.  The  observations  of  the  latter  are  per- 
fectly represented  by  a  path  deduced  from  the  elements  of  Hartwig's 
eomet,  taking  the  date  of  perihelion  passage  as  1506,  July  i. 

Mr.  Hind  points  out  that  Hartwig's  comet  did  not  pass  any- 
where near  the  place  of  Swift's  lost  comet  of  August  1 1  (R. A. 
1 1**  28",  Dec.  68°  N.)»  ^nd  that  therefore  it  could  not  have  been  iden- 
tical with  that  object. 

Swift's  New  Comet. — The  following  telegram  respecting  a  new 
comet  was  received  by  the  Astronomer  Koyal  on  Oct.  13  : — 
**  Smithsonian  Institution,  Washington,  12th  Oct.  1880,  10  o'clock 
A.M.  Large  comet.  Swift,  Monday,  twenty-one  thirty,  north 
eighteen;  motion  slow,  probably  north-west."  Nothing  further 
has  been  heard  of  this  comet,  and  it  has  not  been  seen  in  Europe. 
It  is  to  be  hoped  that  it  will  not  be  altogether  lost  through  cloudy 
weather,  as  was  the  case  with  the  comet  picked  up  by  Mr.  Swift 
on  August  1 1  and  not  since  seen. 

DoiTBLB  STAESf. — Mr.  Bumham  calls  the  attention  of  observers 
to  the  stars  ?  Sagittarii  (P.  60°,  D.  o"-5)  and  I  Equulei  (P.  30°, 
D.  o"'35).  The  former  was  discovered  by  Prof.  Winlock  twenty 
years  ago,  but  it  has  only  been  measured  once  (by  Prof.  Newcomb 
in  1867)  previous  to  Mr.  Bumham's  recent  measures.     The  obser- 

♦  Circular  No.  i  of  the  Stara^burg  Observatory, 
t  Astron.  Nachr.,  Nos.  2338,  2340. 
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yations  indicate  rapid  orbital  movement,  and  it  should  be  carefully 
watched  by  southern  observers.  The  close  pair  of  the  triple  star 
I  Equulei  seems  to  have  a  period  of  13  or  14  years ;  and  it  seems 
certain  that  it  is  measurable,  with  any  good  instrument  of  ten  inches 
aperture  and  upwards,  during  at  least  one  year  in  every  six.  It  is 
now  probably  at  the  maximum  distance,  and  will  become  practi- 
cally single  in  two  years,  perhaps  less. 

Gbesham  Lectures. — ^Lectures  on  Astronomy  will  be  delivered 
by  the  Eev.  E.  Ledger  at  Gresham  College,  Basinghall  Street,  at 
6  P.M.,  on  November  8,  10,  11,  and  12.  Subject :— Saturn's  Bings 
and  Satellites,  Uranus,  Neptune.  The  Lectures  are  free  to  the 
public. 

Mb.  TiTBiTBrLL  of  Toronto  has  arranged  a  form  of  terrestrial  globe 
whitfh  is  useful  for  showing  the  changes  of  the  seasons,  for  finding 
the  duration  of  twilight,  and  for  solving  various  problems.  It  is 
generally  similar  to  the  processional  globe  referred  to  at  the  May 
meeting  of  the  K.  A.  S.  (*  Observatory,'  No.  38,  p.  438),  the  pole 
of  the  equator  being  mounted  in  gymbals  about  the  pole  of  the 
ecliptic.  The  latter  is  fixed  and  the  ecliptic  is  represented  by  the 
wooden  horizon. 

We  learn  that  a  large  refractor  of  23  inches  aperture  is  being 
made  by  Alvan  Clark  and  Sons  for  the  Halsted  Observatory  of 
Princeton  College,  New  Jersey.  With  this  fine  instrument  Pix)f . 
Young  proposes  to  take  up  spectroscopic  work,  particularly  stellar ; 
and  in  such  able  hands  we  may  look  for  great  results.  It  is  high 
time  that  one  of  the  large  refractors  of  these  days  should  be 
devoted  to  Astronomical  Physics. 

We  regret  to  have  to  record  the  death  of  Prof.  Benjamin  Peirce 
of  Harvard  University,  who  died  on  Oct.  6,  in  the  seventy-second 
year  of  his  age. 

Pbof.  H.  Dbapeb  announces,  in  the  *  American  Journal '  for 
November,  that  during  the  night  of  September  30,  t88o,  he  suc- 
ceeded in  photographing  the  bright  part  of  the  nebula  in  Orion  in 
the  vicinity  of  the  trapezium.  The  photographs  show  the  mottled 
appearance  of  this  region  distinctly.  They  were  taken  by  the  aid 
or  a  triple  objective  of  1 1  inches  aperture,  made  by  Alvan  Clark 
and  Sons,  and  corrected  especially  for  the  photographic  rays.  The 
equatoreal  stand  and  driving-clock  he  constructea  himself.  The 
exposure  was  for  50  minutes.  He  intends  at  an  early  date  to 
puolish  a  detailed  description  of  the  negatives. 

Two  new  minor  planets  have  been  discovered,  one  (No.  219)  by 
Herr  Palisa  at  Pola  on  Sept.  30,  the  other  (No.  220),  of  the  ninth 
magnitude,  by  Prof.  Peters  at  Clinton,  New  York,  on  Oct.  11. 

A  NEW  lo-inch  equatoreal,  with  an  object-glass  by  Merz,  has 
been  presented  .to  the  Geneva  Observatorv  by  its  Director,  Prof. 
Emil  Plantamour.  It  is  to  be  devoted  to  obsen^ations  of  the  major 
planets  and  their  satellites,  of  parallax  of  stars,  and  of  double  stars, 
with  occasional  observations  of  minor  planets.  Editob. 
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B^hemeris  of  SehdberUs  Comet  1880  b*. 

By  M.  G.  BlGOTTKDAN. 
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-13  27  31 
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I-II 

Gorrectioii  to  the  Ephemeris : 1- 1»  in  E.A.,  -f  2^-7  in  Dec. 

The  brightness  at  the  date  of  discovery  (Apiii  6)  is  taken  as 
unity.  The  actual  brightness  appears  to  be  decidedly  less  than  the 
theoretical. 


Elements  and  Ephemeris  of  Hartm^s  Comet  1880  df. 
Db.  M.  W.  Metbb,  Assistant  at  the  Geneva  Observatory,  has 
computed  the  following  elements  from  observations  at  Kiel  Sept.  30, 
Leipzig  Oct  3,  and  Geneva  Oct.  9 : — 

Per.  Pass.  1880,  Sept.  6-9817  Berlin  M.T. 
Long.  (Per. -Node)  323"^    8'  39"        Inclination  142°  2'  39" 
Long.  Node  4s    39   23  Log.  Per.  Dist.  9*54782 

Mean  Equinox  1880-0. 

Ephemeris  for  12^*  Berlin  M.T. 
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6 

43-1 
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0*23466 

Astronomical  Memoranday  1880,  November, 

Stm.  Nov.  I,  sets  4**  31",  rises  18**  58";  Nov.  11,  sets  4*  14", 
rises  19**  16";  Nov.  21,  sets  4**  i"*,  rises  19**  33";  Dec.  i,  sets 
3**  52",  rises  19*  48". 

*  Oomptes  Rendus,  Vol.  xoi.  No,  15. 
t  Afitron.  Nacfar^  No,  2342. 
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Equation  of  Time : — Sun  before  Clock,  Nov.  i,  i6*  19' ;  Nov.  11, 
IS"  46';  Nov.  21,  13"  50';  Dec.  I,  10"  35". 

Sidereal  Time  at  Mean  Noon: — Nov.  i,  14^  44"'6 ;  Nov.  11, 
15^  24"*o;  Nov.  21, 16^  3"*5;  Dec.  i,  16^  42"'9. 
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New  Moon,  Nov.  2,  3**  55";  First  Quarter,  Nov.  8,  20^  20""; 
Full  Moon,  Nov.  16,  8**  39";  Last  Quarter,  Nov.  24,  14^  5'". 

Mercwry  is  an  evening  star  at  greatest  elongation  (23^  14'  E.) 
on  Nov.  2,  when  he  sets  40"^  after  the  Sun,  his  declination  being 
24°  S.    He  is  in  inferior  conjunction  on  Nov.  23. 

Venus  is  an  evening  star.    Diameter: — Nov.  i,  11  "7,  Dec.  i, 
i3"'2.    Illuminated  portion  of  Disk  o"'847  oil  Nov.  15. 
Nov.  I,  E.A.  16*^  2S"''S,  Dec.  22°  40'  S.,  tr.  i**  41",  sets  5**  40" 
Dec.  I,  19     6  '6  24  32  S.,       2   24  69 

JwpiUr  is  in  Pisces.  Diameter: — ^Nov.  i,  4S"'5;  Dec.  i, 
42''- 1. 

Nov.  I,  R.A.  o**  44"-4,  Dec.  3®  3'  N.,  tr.  9**  58",  sets  16^  16" 
Dec.  I,  o  37  -6  2  28  N.,       7    S3  14    9 

Daily  rate  of  rotation  87o°'6=2'  iSo°'6;  Hourly  rate  36''-28  ; 
Period  9*''924. 

Saturn  is  in  Pisces,  about  13*^  E.  by  N.  of  Jupiter. 
Nov.  I,  R.A.  i^  34"-5,  Dec.  6**  53'  N.,  tr.  10^  48",  sets  17^  27" 
Dec.  I,  I    27  -6  6   18  N.,        8    43  15    18 

Outer  Bing.  Inner  Bin^.  Ball. 

Mig.  Axis.     Min.  Axis.     Mig.  Axis.      Mm.  Axis.      Diam. 

Nov.  10     ....     44"-63         io"-43         29"-68        6"-93         i7"-8 

30     43  '64  9  '91         29  -02         6  '59         17  -4 

The  south  side  of  the  rinim  is  visible,  the  elevation  of  the  Earth 
above  their  plane  being  13  31'  S.  on  Nov.  10,  and  13"  8'  S.  on 
Nov.  30,  and  of  the  Sun  14°  45'  S.  and  15**  i'  S. 

N^ttme  is  in  opposition  on  Nov.  4,  and  may  be  found  about 
50'  sp  9  Arietis. 

Nov.  I,  E.A.  2^  44»-5,  Dec.  14*^    o'  N.,  tr.  ii*»  58'- 
Dec.  I,  2  41    •!  13    46  N.,         9    57 
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OJ£,T,  of  Transits  of  Red  Sjpot  across  Central  Meridian  of  Jupit^, 
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Publications  received : — E.  S.  Ball,  Elements  of  Astronomy  (Text- 
Books  of  Science :  Longmans,  London,  iSSoy—Jtaddiffe  Ohserva- 
tionSf  1876  (J.  Parker,  Oxford,  1880) — Oreenwich  Observations^ 
1878  (H.M.  Stationery  Office,  London,  i88o)—5uZZ«ttn  of  ^Phi- 
losophical Society  of  Washington^  Vols,  i.,  ii.,  and  iii.  (Washington, 
1 87  4- 1 880) — ^Prof.  Pickering,  dimensions  of  the  Flawed  Stars^  with 
especial  reference  to  Binaries  and  Variables  of  the  Algol  type  (Proc. 
Amer.  Acad.,  Cambridge,  U.S.,  1880) — W.  Huggins,  On  the  Pho- 
tographic Spectra  of  Stars  (Phil.  Trans.,  Part  ii.,  1880) — On  the 
Spectrum  of  the  Flame  of  Hydrogen  (Proc.  E.  S.,  No.  205,  1880) — 
William  L.  Elkin,  Ueber  die  PardUaxe  von  a  Ceniauri  (Karlsrulie, 
1880) — S.  W.  Bumham,  Report  to  the  Trustees  of  the  ^' James  Lick'* 
Trust  of  Observations  made  on  Mt,  Hamilton  (Chicago,  1880) — An 
Examination  of  the  Double-Star  Measures  of  the  Bedford  Catalogue 
(*  Monthly  Notices,'  Vol.  xl.  No.  8>—E.  B.  Knobel,  NoU  on  Mr. 
Bumham* s  paper  entitled  ^^An  Examination  of  the  Double-Star  Mea- 
sures,  ^cr  ('  Monthly  Notices,'  Vol.  xl.  No.  8>— Prof.  H.  C.  Vc^l, 
Ueber  einer  einfache  Methode  zur  Bestimmung  der  Brennpunkte  und 
der  AbweichungsJcreise  eines  Femrohr -objective  ^c.  (Monatsbericfat 
k.  Akad.  Berlin,  April  29,  1880) — Dr.  F.  Terby,  Aspect  de  la 
Planete  Mars  1879  ^  observations  de  la  tache  rouge  de  Jupiter  et  dee 
taches  dc  Venus  (Bulletins  Acad.  Eoy.  de  Belgique,  March  1880) — 
Capt.  Abney,  On  the  Reversal  of  the  Developed  Photographic  Image 
nPhil.  Mag.,  Sept.  1880)— D.  P.  Todd,  Speculative  and  Practical 
Search  for  a  Trans- Neptunian  Planet  (Amer,  Joum.,  Sept.  1880) — 
An  Attachment  to  Eguatoreal  Mountings  to  facilitate  Sweeping  in  RjL. 
(Proc.  Amer.  Acad.,  May  1880) — Ch.  Pievez,  Le  Spectre  du  Mag- 
nesium  en  rapport  avec  la  constitution  du  SoleU  (Bruxelles,  1SS6)— 
Asaph  Hall,  Address  before  American  Association^  Section  A  (Ciun- 
bridge,  1880)— David  Gill,  The  Earth's  Distance  from  the  Sun  (Ad- 
dress to  S.  African  Phil.  Soc.  1880,  July  30).— W.  Ellis,  Relation 
between  Diurnal  Range  of  Magnetic  Dedination  and  Horizontal 
Force  and  the  Period  of  Solar  Spot  frequency  (Phil.  Trans.  1880, 
Partii. 
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THE    OBSERVATORY, 

A   MONTHLY   EEVIEW   OF   ASTRONOMY. 

Na  44.  DECEMBER  1.  1880. 

MEETING  OF  THE  EOYAL  ASTEONOMICAL  SOCIETY. 

Friday,  iSSo,  November  12. 

Edwin  Dunkin,  Esq.,  F.B.S.,  Vice-President,  in  the  Chair. 

Secretaries :  W.  H.  M.  Cheistie,  M.A.,  and 
J.  W.  L.  Glaisheb,  M.A.,  F.E.S. 

The  Minutes  of  the  Meeting  of  June  1 1  were  read  and  confirmed. 

Mr,  Christie  announced  that  146  presents  had  been  received 
since  the  last  Meeting  of  the  Society,  including  a  copy  of  the  Works 
of  Laplace,  presented  by  the  French  Academy  ;  1 1  volumes  of  the 
'American  Ephemeris,*  presented  by  Prof.  Newcomb ;  and  also  a 
phot<^raph  from  a  drawing  by  the  Eev.  Cooper  Key  of  a  spot  on 
Jupiter  which  seems  to  be  somewhat  similar  to  the  red  spot  at  the 
present  time,  presented  by  Prof.  Piazzi  Smyth. 

The  thanks  of  the  Meeting  were  voted  to  the  respective  donors. 

The  Astronomer  Eoyal,  Before  commencing  my  description  of 
an  equatoreal  sextant  by  Flamsteed,  I  wish  to  say  that,  as  I  was 
coming  away  from  the  Observatory,  I  was  struck  with  the  idea  that 
amidst  the  great  number  of  descriptions  on  the  colours  of  the  stars 
no  appeal  has  been  made  to  Admiral  Smyth's  *  Sidereal  Chromatics.' 
It  is  by  far  the  most  complete  and  elaborate  book  upon  the  subject 
that  I  have  yet  seen,  and  I  have  brought  a  copy  with  me.  Amongst 
other  things  it  contains  a  very  caref  ^  set  of  exhibitions  of  colours 
which  it  was  intended  might  be  used  as  standards  to  which  to  refer 
estimates  of  colour.     I  will  hand  it  round  to  the  meeting. 

The  principal  object  of  my  address  at  this  time  is  to  call  the 
attention  of  the  Meeting  to  two  pictures.  Many  years  ago,  perhaps 
forty  years  ago,  there  were  presented  to  me  by  my  friend  Francis 
Baily  two  engravinjQ;s  evidently  made  by  Flamsteed,  and  evidently 
intended  as  parts  of  an  elaborate  description.  They  have  letters 
of  reference ;  and  I  have  no  doubt  that  in  the  first  instance  there 
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was  a  printed  and  careful  description  of  them ;  but  Mr.  Baily  told 
me  that  he  had  never  been  able  to  obtain  another  copy,  and  I  hare 
never  seen  or  heard  of  another.  I  have  considerable  reason  to 
believe  that  the  copies  of  these  two  pictures  which  I  hold  at  the 
Observatory  of  Greenwich  are  unique ;  and  I  am  uixious  that  they 
should  not  remain  in  that  state.  Photography  at  the  time  1  speak 
of  was  not  known,  but  photography  has  acquired  great  perfection 
now,  and  I  have  had  photographs  taken  of  them  by  the  Woodbury 
Company,  and  they  are  taken  with  a  degree  of  exactness,  even 
to  the  minutest  parts  and  hatchings  of  the  engraving,  that  I  could 
not  have  conceived  of  before.  I  have  therefore  taken  the  opportu- 
nity of  exhibiting  them  to  the  Society.  I  am  sorry  to  say  that  I 
cannot  leave  them  in  their  possession,  for  I  have  no  authority  to  take 
another  copy,  but  they  can  be  lent  as  long  as  the  authorities  of  the 
Society  think  proper  to  keep  them. 

I  M  ill  now  mention  what  was  the  singularity  of  that  instrument^ 
why  it  was  necessary  then,  and  why  it  is  unnecessary  ^ow.  You 
will  perceive  that  it  forms  a  turning-point  in  astronomy-  We  all 
know  that  at  the  present  time  it  is  easy  enough  to  get  the  north- 
polar  distances  of  objects,  and  so  it  always  was.'  There  was  no 
difficulty  in  the  most  distant  stages  of  astronomy  when  you  could 
get,  in  a  position  near  the  meridian,  something  like  a  graduated 
circle  to  take  altitudes  in  that  meridian.  Thus  there  was  no  diffi- 
culty in  getting  north-polar  distances  ;  but  right  ascensions  have 
always  been  the  trouble,  especially  whilst  astronomy  was  in  a  very 
crude  state,  and  when  there  were  no  transit-clocks.  In  the  time  1 
speak  of,  down  to  and  including  Flamsteed's  time,  and  the  time  of 
Halley,  there  were  no  clocks  on  which  the  slightest  reliance  could 
be  placed.  Attention  is  caUed  by  Mr.  Baily  to  a  particular  passage 
in  the  account  of  nancy's  observations,  by  which  it  appears  that 
the  clock  was  wound  up  simply  by  pulling  a  string;  and,  altogether, 
the  clock  was  no  better  than  those  little  clocks  which  we  have  for 
alarums  and  the  like.  A  transit-clock  which  could  go  with  accu- 
racy for  several  hours  was  totally  unknown.  In  the  absence  of 
clocks  upon  which  any  reliance  could  be  placed,  it  is  not  easy  to 
see,  in  the  first  instance,  how  differences  of  right  ascensions  could 
be  got.  They  were,  however,  got  in  this  way : — Knowing  the  polar 
distance  of  stars,  and  taking  the  angular  distance  from  one  star  to 
another,  you  can  compute  the  difference  of  right  ascension,  and  so 
you  can  go  spanning  all  round  from  star  to  star  completely  round 
the  celestial  globe ;  and  that  was  the  way  in  which  differences  of 
right  ascension  were  got,  by  measuring  those  angular  distances 
from  star  to  star.  The  question  is,  what  sort  of  instrument  would 
you  use  for  that  purpose  ?  Of  course  it  would  be  an  instrument 
capable  of  measuring  angles ;  but  how  would  it  be  carried  ?  We 
know  at  a  certain  time  not  far  preceding  the  time  of  Flamsteed  how 
it  was  carried.  There  is  a  very  admirable  work  by  old  Tyc^^» 
Tycho's  '  AstronomisB  Instauratao  Mechanica,'  in  which  there  are 
engravings  representing  a  great  number  of  instruments,  and  one  of 
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them  is  an  instrament  for  this  purpose.  It  is  a  frame  taming 
upon  a  vertical  axis,  and  with  an  arc  (whether  you  would  call  it  a 
quadrant  or  a  sextant  I  do  not  know)  whose  plane  could  ba  turned 
in  different  directions,  so  that  you  could  make  the  plane  pass 
through  the  two  stars,  and  you  could  thus  read  the  angular  distance 
which  was  to  be  measured,  and  the  problem  was  solved.  Flamsteed 
improved  upon  this  by  using  not  a  vertical  axis,  but  a  polar  axis 
(and  it  is  in  that  state  that  the  instrument  is  represented  here). 
It  will  be  seen  in  the  engraving  that  nearly  every  detail  of  con- 
struction is  traced  so  well  that  a  modem  instrument  could  be  made 
like  it  if  it  were  so  desired.  There  is  a  polar  axis  which  projects 
beyond  its  bearing  so  far  that  it  is,  perhaps,  a  little  unsteady;  but  that 
depends  upon  the  stiffness  of  the  axis.  The  polar  axis  has  at  its  top 
a  piece  which  I  should  almost  call  a  T-head,  provided  I  give  some 
latitude  to  that  expression.  If  it  had  been  a  T-head  strictly  meant 
to  give  the  power  of  varying  the  position  of  the  plane  of  the 
quadrant  or  sextant  by  allowing  that  plane  to  turn  upon  the  pivots 
at  the  ends  of  the  T-head,  then,  inasmuch  as  the  extent  of  the 
angle  measured  by  the  instrument  is  limited,  it  could  not  have 
passed  through  certain  stars  which  it  was  desirable  to  reach  ;  and, 
accordingly,  the  top  of  this  piece  is  not  a  T-^ead,  except  you  call  it 
a  sort  of  italic  T,  It  is  a  ^-head  which  admits  of  bemg  inclined, 
and  there  is  a  graduated  wheel  and  a  screw  acting  in  a  very  delicate 
way  upon  it,  by  which  the  position  of  the  T-head  could  be  inclined 
to  the  polar  axis.  Then  this  ^T-head  carries,  by  proper  pivots  at  its 
ends,  the  plane  of  the  sextant.  Members  of  the  Society  are  well 
aware  that  the  idea  of  using  a  complete  circle  had  not  entered 
people's  heads  at  that  time,  wonderful  to  say,  and  their  instru- 
ments were  very  limited  in  arc.  Elamsteed's  was  a  sector  of  60^, 
'as  far  as  I  can  judge.  The  sextant  turned  by  pivots  upon  the  ends 
of  that  inclined  T,  and  carried  two  telescopes  which  could  be 
used  in  the  ordinary  way.  The  radius  of  the  sextant  was  7  feet. 
The  first  volume  of  Flamsteed's '  Observations '  is  entirely  occupied 
with  measures  of  distances  made  in  that  way  and  with  the  consequent 
determination  of  differences  of  right  ascension.  Of  course  it  was 
desirable  not  to  use  this  for  every  obj^ct.  It  could  be  used  for  the 
great  stars,  which  are  limited  in  number ;  but  it  was  not  to  be 
supposed  that  every  little  object  was  to  be  treated  in  the  same  way. 
For  little  obiects  !Elamsteed  used  the  transit-instrument  and  a  bad 
clock ;  but  that  bad  clock  would  go  pretty  well  for  a  couple  of 
hours,  and  then  he  arrived  at  another  star  whose  place  was  pretty 
well  determined.  As  I  mentioned,  this,  as  far  as  I  know,  is  the 
latest  instrument  that  was  made  on  that  principle.-  It  was,  I 
suppose,  in  the  time  of  the  unhappy  circumstances  into  which 
Elamsteed's  obstinacy  led  astronomy — at  the  time  when  he  speaks 
of  having  made  a  sacrifice  to  heavenly  tmth  by  burning  every 
thing  he  could — ^that  the  instrument  might  have  been  destroyed. 
A  description  of  it,  no  doubt,  was  printed  (from  the  references 
which  still  appear  upon  the  engraving).    I  suppose  all  the  printed 
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copies  were  destroyed,  for  there  is  not  a  trace  of  them  anywhere 
that  I  am  aware  of.  Elamsteed  was  succeeded  by  Halley,  who  relied 
solely  upon  the  principal  stars  which  had  been  determined  by 
Flamsteed,  filled  up,  where  necessary,  by  the  use  of  that  curious 
transit  of  his  (still  preserved  at  the  Boyal  Observatory),  which  has 
two  axes  of  unequal  length. 

There  was  another  man  who  reformed  astronomy,  and  who  has 
not  received  the  proper  credit  for  it.  It  was  the  clockmaker 
Graham,  who  produced  clocks  which  would  go  not  only  for  hours, 
but  for  days,  and  for  many  days.  In  them  he  introduced  two 
great  principles,  one  of  which  was  the  compensation-pendulum, 
which  was  first  made  in  the  form  of  a  gridiron-pendulum  (sub- 
ject only  to  the  fault  that  if  it  were  not  properly  made  some  of 
the  rods  might  stick  a  little  in  their  transom-bars),  -but  which 
was  afterwnrds  abandoned  by  Graham  for  tiie  mercurial  com- 
pensation. The  other  was  the  dead-beat  escf^ment.  The  ad- 
vantages of  these  instruments  were  realized  very  quickly;  and 
they  were  adopted  everywhere ;  and  astronomy,  from  that  time, 
became  a  different  science.  It  became  a  science  exclusively  of 
meridional  observation  for  those  principal  stars  as  weD  as  for  the 
small  stars,  using  the  transit-instrument  and  the  clock  for  the  de- 
termination of  the  differences  of  right  ascension  of  the  great  stars 
as  well  as  of  the  little  stars.  I  think  it  is  due  to  the  memory  of 
Graham  to  say  that  he  himself  must  have  carefully  considered  the 
theory  of  the  action  of  the  maintaining  power  on  the  vibrations  of 
the  pendulum.  Nobody  beforo  his  time  seems  to  have  had  an 
idea  that  for  the  proper  going  of  a  clock-pendulum  it  is  necessary 
that  the  impulse  should  be  as  neariy  as  possible  at  the  centre  of  the 
arc  of  vibration.  No  theory,  as  far  as  I  know,  ever  was  published 
1)y  Graham  himself  (though  he  evidently  had  it  in  his  own  head), 
nor  by  any  other  person,  till  the  one  that  was  published  about  fif^ 
years  ago  in  the  *  Cambridge  Transactions.'  The  establishment  of 
instruments  immediately  put  on  a  different  shape.  It  assumed  at 
once  the  form  which  it  has  kept,  down  to  the  present  time.  Ad- 
vantage was  taken  of  it  by  Bradley ;  and  Bradley  worked  astro- 
nomy in  a  way  which  has  excited  the  admiration  of  astronomers. 
But  if  you  ask  me  who  was  the  great  reformer  of  astronomy,  I 
would  answer,  it  was  not  Bradley ;  it  was  Graham.  He  was  a 
clockmaker,  a  man  of  very  superior  talent  and  acquirements,  who 
was  known  not  only  as  a  doc^aker,  but  as  a  maker  of  instruments 
(quadrants,  zenith-sectors,  standards  of  length,  and  others)  of  great 
completeness,  the  accuracy  of  which  has  never  been  surpassed ; 
and  he  was  the  first  man  to  discover  the  diurnal  changes  of  mag- 
netism and  the  irregularities  in  these  diurnal  changes ;  and  he  was 
certainly  the  leading  man  of  science  in  his  day.  He  was  the  only 
working  manufacturer  who  has  been  buried  in  Westminster  Abbey; 
and  on  the  occasion  of  his  funeral,  was  followed  by  all  the  mem- 
bers of  the  Eoyal  Society. 

Begarding  this  instrument  of  Flamsteed's  as  the  last  of  the 
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ancient  class,  and  a  very  fine  specimen  indeed,  and  adverting  to 
the  change  which  took  place  after  it  under  the  auspices  of  Graham, 
which  have  been  maintained  to  the  present  day,  I  thought  that 
these  engravings  might  be  introduced  to  the  Society  as  calling 
their  attention  to  one  of  the  most  important  epochs  in  modern 
astronomy.  1  will  leave  the  pictures  here  for  as  long  as  any  body 
likes  to  look  at  them. 

Mr,  Knobd,  The  Astronomer  Boyal  has  called  attention  to  the 
antiquity  of  right  ascensions.  It  may  be  a  point  of  some  small 
interest  to  note  that  the  earliest  catalogue  of  right  ascensions  with 
which  we  are  acquainted  was  published  a  great  many  years  before 
Tycho,  and  was  of  the  epoch  1280,  when  we  have  a  catalogue  of 
180  stars  arranged  in  right  ascension,  in  that  case  being  determined 
not  from  the  equinoctial,  but  from  the  solstitial  colure*.  These  were 
probably  determined  by  an  angular  instrument  similar  to  those 
which  were  used  by  the  astronomers  at  that  particular  date.  As 
to  the  Astronomer  Eoyal's  remark  that  he  has  seen  no  reference 
to  Admiral  Smyth's  '  Sidereal  Chromatics,'  I  may  mention  that 
quite  recently  I  had  to  make  a  selection  of  references  to  the  work 
in  question  in  my  Notes  on  the  Bedford  Catalogue. 

Capt,  Noble,  With  reference  to  the  *  Sidereal  Chromatics,'  J 
think  it  is  better  known  and  more  widely  distributed  than  Sir 
George  Airy  appears  to  imagine ;  but  in  attempting  to  use  it 
myself,  I  find  this  difficulty,  that  one  looks  at  it  generally  bv 
the  light  of  a  bull's-eye  lantern,  and  the  colours  then  look  very  diJ^- 
ferently  from  what  they  do  in  the  daytime ;  and  it  is  exceedmgly 
difficult  to  refer  a  colour  which  you  see  at  night  to  what  I  may 
call  its  legitimate  colour  by  daylight. 

Mr.  Banyard.  As  to  the  '  Sidereal  Chromatics,'  some  time  ago 
I  purchased  the  remainder  of  the  impression,  some  80  or  90 
copies  ;  I  think  there  are  now  about  20  which  I  left  with  the  Society 
for  anybody  who  is  working  at  the  subject  of  the  colour  of  the 
stars,  and  who  likes  to  ask  for  them.  1  conclude  that  the  value 
of  the  book  is  now  much  less  than  it  was,  for  eye-estimations  of 
colour  are  now  superseded  by  other  and  more  accurate  determi- 
nations. In  fact  the  spectroscopic  classification  of  stars  has  taken 
the  place  of  mere  eye  judgments. 

The  Astronomer  Boyal.  It  contains  a  collection  of  a  great  num- 
ber of  observations  of  a  great  number  of  stars  by  several  different 
persons ;  and  it  is  that,  I  think,  which  gives  it  it«  peculiar  value. 

Mr.  Sadler.  I  think  that  both  with  regard  to  the  collection  of 
Sestini's  and  of  Admiral  Smyth's  observations  one  certainly  could 
not  by  any  means  compare  the  colours  of  a  double  star  with  Admiral 
Smyth's  disks  as  viewed  with  a  bull's-eye  lantern. 

The  Vice-President.  Perhaps  I  may  be  permitted  to  say  that  this 
work  of  Admiral  Smyth  on  '  Sidereal  Chromatics'  was  distributed 
in  a  great  measure  by  Admiral  Smyth  himself,  who  presented  a 

*  Aboul  Hhaaaan's  Table  of  the  co-asceodanta  of  180  atani,  tranalated  by 
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large  number  of  copies  to  astronomere.  I  had  a  copy  presented 
to  me  at  the  time  of  publication ;  and  I  have  no  doubt  that  all 
the  principal  astronomers  of  the  day  had  copies  presented  to 
tiiem.  It  IS  a  work  which  is,  I  think,  of  some  value  ;  and  I  quite 
agree  with  Sir  Gleorge  Airy,  who  now  draws  attention  to  it,  beouise 
the  observations  were  considered  important  at  the  time  at  which 
they  were  made.  Perhaps  we  ought  not  to  value  it  so  much 
for  what  it  is  worth  now  as  for  what  it  was  worth  when  it  was 
published.  With  regard  to  the  Astronomer  Boyal's  remarks  on 
Flamsteed's  arc,  we  must  thank  him  for  the  interesting  statement 
which  he  has  made.  When  he  first  showed  me  the  very  interest- 
ing photographs  which  he  has  had  taken,  I  was  really  astonished  at 
their  beauty.  Every  minute  detail  is  given.  Every  little  spot  that 
is  in  the  original  plate  is  reproduced  exactly  in  the  photograph 
which  the  Astronomer  Eoyal  now  exhibits  to  the  Meeting.  With 
regard  to  the  instrument  itself,  the  statement  which  the  Astro- 
nomer Boyal  has  given  is  most  interesting  to  us  all,  because  it 
shows  the  history  of  observation  from  almost  the  beginning  of  the 
construction  of  astronomical  instruments.  He  has  told  you  how 
right  ascensions  were  observed  long  before  clocks  were  invented. 
We  must  all  feel  a  great  interest  in  the  remarks  which  he  has  made 
to  night.  Not  only  are  they  interesting  with  respect  to  the  old 
sector-arc,  but  they  also  show  that  those  old  astronomers,  whom 
some  of  us  are  apt  to  look  upon  almost  as  astrologers,  knew  a  great 
deal  more  than  we  are  sometimes  inclined  to  give  them  credit  for ; 
and  the  amount  of  originality  which  they  exhibited  in  all  their  ob- 
servations and  inventions  may  well  astonish  us  who  are  living  in 
the  nineteenth  century.  I  am  sure  you  wiU  join  me  in  thanking 
the  Astronomer  Boyal  for  his  interesting  statement.    (Applause.) 

Mr,  Nelson  read  a  note  on  Hansen's  value  of  the  semidiametear 
of  the  Moon,  in  the  course  of  which  he  said : — 

I  have  now  come  forward  to  point  out  that  the  value  given 
in  my  former  paper  is  in  error  to  the  extent  of  about  -j^  of  a 
second.  This  correction  necessitates  no  change  in  any  of  the 
statements  I  have  advanced.  It  only  deals  with  an  actual  con- 
stant ;  but  it  is  necessary  that  these  things  should  be  pointed  out 
rather  than  there  should  be  any  doubt  or  uncertainty  as  to  the 
value  of  these  important  quantities.  I  wish  to  express  my  regret 
to  the  Fellows  of  the  Society,  especially  to  Prof.  Pritchard,  that  I 
should  have  misled  them  in  this  matter  for  any  short  period, 

Mr.  Knott  read  a  paper  on  the  observations  of  Ceraski's  variable 
star  in  Cepheus  exhibiting  the  light-curves  for  two  minima  on 
Oct  23,  ii**  27™,  and  Nov.  2,  11^  o°»  G.M.T.  These  showed  that 
the  star  remained  for  about  2  hours  at  its  minimum,  and  that  the 
decrease  and  increase  each  occupied  about  2  hours,  the  whole  varia- 
tion extending  over  6  hours  out  of  the  period  of  2^  days.  When 
near  minimum,  the  star  was  slightly  ruddy  ;  and  as  it  regained  light, 
it  appeared  white  or  bluish  white. 

Mr.  Knott  added  : — I  hoped,  if  Mr.  Hind  had  been  present,  l^t 
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he  would  have  made  a  few  remarks  upon  the  star.  It  has  been 
obsenred  at  Dun  Echt,  Lord  Lindsay's  observatory ;  and  I  have 
had  one  or  two  interesting  letters  from  Dr.  Copeland  about  it,  which 
I  have  not  brought  with  me  because  I  thought  Dr.  Copeland  would 
refer  to  his  own  observations.  Mr.  Hind,  from  some  calculations 
of  some  other  observations,  had  deduced  a  period  of  24*4908,  or 
something  like  that. 

Mr,  Stone,  There  have  been  a  number  of  observations  at  the 
Eadcliffe  Observatory.  The  weather  has  been  too  cloudy  to  enable 
one  to  speak  with  certainty ;  but  liie  period  undoubtedly  is  some- 
thing like  that. 

Mr,  Knott.  I  noticed  the  change  of  colour  at  the  minimum  which 
was  noted  by  Dr.  Copeland.  I  do  not  know  whether  it  was  due  to 
absorption. 

Mr.  Be  la  Bue.    When  it  changed  its  colour,  do  you  imagine 
that  there  was  a  dense  nebulous  mass  of  gas  around  it  ? 
Mr,  Knott.     There  was  something  of  that  kind  perhaps. 
Mr,  Stone.    Might  I  ask  whether  there  was  not  a  slight  variation 
about  the  time  of  maximimi  ? 

Mr,  Knott.    I  have  not  observed  any. 

Mr,  Stone,  Our  observations  were  very  much  broken  by  bad 
weather,  so  that  I  could  not  speak  positively  upon  the  matter. 

Copt,  Noble.  May  I  be  permitted  to  offer  one  suggestion  to 
Greenwich  or  to  Oxford  or  anywhere  where  they  have  sufficient 
instrumental  means,  that  some  attempt  should  be  made  to  deter- 
mine the  parallaxes  of  stars  such  as  Algol  and  this  star,  which  is 
of  such  a  short  period  ?  It  would  be  an  interesting  thing  to  ascer- 
tain the  scale  of  the  system  with  reference  to  the  theory  which 
Prof.  Pickering  has  recently  advanced  in  explanation  of  these  vari- 
able stars  of  very  short  period.  The  variation  is  supposed  to  be 
caused  by  a  dark  globe  comparatively  close  to  the  primary  and 
revolving  round  it  in  a  very  short  period.  If  that  theory  will  hold 
water,  I  think  it  will  be  an  essential  element  in  determining  its 
feasibility  if  we  could  get  the  scale  of  the  system. 

A  Fellow,  May  I  ask  if  the  star  has  been  examined  with  the 
spectroscope  ? 

Mr,  Knott.  It  has  been  examined  with  the  spectroscope  in  Lord 
Lindsay's  observatory.  At  about  minimum  the  blue  of  the  spec- 
trum died  down  and  the  red  was  intensified.  The  blue  was  more 
intense  when  the  star  was  near  maximum. 

Mr,  Neison,  It  is  rather  an  objection  to  these  views  of  Prof. 
Pickering's,  that  they  are  opposed  to  the  theory  of  gravitation.  If 
you  can  imagine  a  body  with  a  certain  orbit  and  another  body  re- 
volving round  it  in  such  an  orbit  that  it  takes  two  days  and  a  half 
to  go  completely  round  it,  and  that  body  is  to  produce  any  effect 
upon  the  appearance  of  them,  they  must  both  be  nearly  of  the  same 
size ;  so  that  instead  of  revolving  round  one  another,  they  would 
revolve  round  their  common  centre  of  gravity ;  with  re^rd  to  what 
Mr.  De  la  Bue  suggests  as  to  a  dense  mass  of  gas  it  is  quite  con- 
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ceivable  that  there  might  be  a  volume  of  gas  o£  so  slight  a  density 
that  it  would  have  its  mass  so  very  small  in  comparison  with  the 
central  star  that  you  would  not  get  such  periodical  varmtions  in 
position. 

Mr,  Ranyard,  Prof.  Pickering  has  t^ux)wn  out  a  most  interesting 
idea  with  regard  to  the  possiUlity  of  determining  the  mass  of 
these  non-luminous  objects  by  means  of  spectroscopic  measures  of 
the  shift  of  the  lines  of  the  bright  star  when  it  is  on  opposite  sides 
of  its  orbit. 

Mr,  Brett,  If  there  were  such  a  displacement  of  the  star,  it  would 
subtend  so  small  an  angle  that  nobody  could  ever  disooyer  it. 

Mr.  Common  read  a  paper  on  the  mountine^  of  his  3-feet  re- 
flector, and  a  note  on  the  nebula  near  Merope,  m  which,  referring 
to  a  remark  by  M.  Tempel  that  he  had  used  a  telescope  of  insuffi- 
cient power  to  show  the  nebula,  he  explained  that  the  telescope  used 
was  his  3-feet  reflector.  He  also  exhibited  a  photograph  of  Jupiter 
showing  the  shadow  of  the  third  satellite  on  the  disk  of  the  planet. 

Mr,  Brett,  As  the  subject  of  reflecting  telescopes  is  now  before 
us,  all  those  observers  who  have  used  them  know  that  there  is  one 
great  objection  to  them,  owing  to  the  deposition  of  dew,  as  it  is 
caUed,  on  the  small  mirror.  The  dew  must  be  either  falliiig  upon 
the  little  mirror  or  rising  to  it,  or  else  it  must  be  floating  in  some 
medium  of  warm  vapour  in  which  the  mirror  condenses  the  mois- 
ture upon  itself.  At  all  events,  the  little  mirror  is  covered  with 
small  globules  of  moisture  which  prevent  you  from  seeing  any  thing. 
If  the  dew  is  falling,  it  seems  to  me  that  it  cannot  fall  upon  the 
little  mirror,  because  it  faces  the  earth.  If  dew  is  rising  it  cannot  de- 
posit on  it  because  it  is  enclosed  in  a  tube,  the  bottom  of  which  is  the 
great  mirror.  If  the  moisture  is  floating  in  the  air  that  surrounds 
the  little  mirror  there  is  no  reason  for  it  to  be  deposited,  because 
the  temperature  of  the  little  mirror  would  be  the  same  as  tiiat  of 
the  space  within  which  it  stands.  Therefore  the  deposit  of  mois- 
ture on  the  little  mirror  is  not  accounted  for  according  to  the  usual 
explanation.  It  appears  to  me  that  the  true  explanation  of  it  is 
simply  that  the  observer  acts  like  a  cauldron  of  boiling  water  and  pro- 
duces agreat  cloud  of  steam.  The  litttle  mirror  is  natiually  colder  uian 
the  observer,  and  of  course  a  great  deal  of  this  steam  must  be  depo- 
sited upon  it  as  well  as  on  the  telescope.  The  only  cure  that  I 
have  found  to  answer  in  preveiiting  this  is  to  look  to  windward. 
If  the  observer  stands  with  his  face  towards  the  wind,  tiiis  doud 
of  moisture  which  emanates  from  himself  will  be  blown  away  and 
not  deposited  on  the  little  mirror,  and  he  will  be  able  to  observe 
with  perfect  comfort.  The  greatest  of  all  reflecting-telescope  ob- 
servers, Mr.  Lassell,  used  to  carry  in  his  pocket  a  collection  of 
small  pieces  of  metal,  which  he  used  to  slip  in  behind  the  small 
mirror  in  a  little  cell  for  that  purpose,  so  as  to  raise  the  tempe- 
rature of  the  little  mirror  to  that  of  himself ;  and  in  practice  that 
has  answered  very  well.  There  is  no  such  contrivance  in  my  own 
telescope ;  but  I  have  arranged  to  place  the  eyepiece  in  the  leieward 
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side  of  the  telescope,  and  it  has  answered  every  purpose  in  pre- 
venting the  deposition  of  dew,  as  it  is  called. 

Mr,  Common.  There  is  a  great  deal  of  truth  in  what  Mr.  Brett 
says.  I  mentioned  in  my  paper  the  use  of  the  telescope  during 
one  winter ;  and  I  suggest  some  improvements.  Amongst  others 
I  think  it  would  be  much  better  to  have  a  screen  of  some  kind  for 
the  observer  that  would  run  along  the  same  platform  as  the  tele- 
scope, not  only  as  a  protection  for  the  observer  from  the  inclemency 
of  the  weather,  but  also  as  a  protection  from  the  observer's  own 
heat.  There  is  no  doubt  that  draughts  of  air  do  come  from  the 
observer's  body.  Of  course  Mr.  Bretf  s  experience  as  to  whether 
observers  steam  or  not  is  greater  than  mine.  I  have  found  that 
generally,  in  observing,  one's  condition  is  any  thing  but  a  steaming 
one.  With  regard  to  the  small  mirror,  when  the  observer  has  to 
look  over  to  the  leeward  and  to  look  downwards,  he  is  liable  to 
cause  dew ;  and  to  prevent  that  I  have  carried  two  insulated  wires, 
which  distribute  enough  heat  at  the  back  to  keep  the  tempera- 
ture a  little  above  that  of  the  atmosphere ;  but  the  best  thing  used 
was  a  cap  with  a  circular  hole  for  the  rays  of  light  to  come  out. 
That  gives  the  most  efficient  protection  against  me  steam  of  the 
observer  that  I  know,  or  at  least  against  the  falling  of  dew. 

The  Vtce-President,  Any  one  looking  at  these  beautiful  draw- 
ings will  see  that  Mr.  Ck>mmon  has  taken  a  great  deal  of  trouble 
and  pains  to  get  such  good  results  with  his  telescope.  With  regard 
to  the  steaming  process,  if  I  may  be  allowed  to  say  so,  I  have  fre- 
quently steamed  while  making  astronomical  observations.  I  should 
advise  Mr.  Common  to  come  to  Greenwich  some  close  night  like 
the  present  one,  and  observe  for  one  hour  with  the  altazimuth,  so  that 
his  set  of  observations  are  got  in  a  reasonable  time ;  and  I  am 
certain  that  he  will  steam  pretty  well. 

Capt,  Noble  read  a  note  on  the  peculiar  colour  of  the  shadow  of 
Jupiter's  second  sateUite  in  transit. 

Mr,  Campbell,  I  observed  the  satellites  of  Jupiter  on  the  same 
evening  as  Capt.  Noble ;  their  positions  were  as  described  by  him. 
The  difference  of  colour  struck  me;  but  I  thought  I  had  read 
about  it  somewhere,  probably  in  Webb's  '  Celestial  Objects.' 

Mr,  Knobel.  About  five  or  six  years  ago,  Mr.  Flammarion  pub- 
lished, in  the  ^  Comptes  Bendus,'  a  precisely  similar  observation, 
relating  to  the  transit  of  Shadow  ii,  1874,  Mjarch  25. 

Mr,  Christie  read  a  paper  by  Mr.  BaJrendell  on  a  new  nebula  of 
large  size  in  Aquarius,  somewhat  resembling  that  in  the  Pleiades 
referred  to  by  Mr.  Common. 

Capt,  Noble  asked  what  aperture  was  used. 

Mr,  Banyard,  The  aperture  of  the  telescope  used  would  not 
matter  much  for  a  large  nebula.  For  examining  such  nebuke  we 
are  in  a  very  unfortunate  position  compared  with  the  observers 
in  Italy  and  America,  where  they  have  such  clear  skies,  the  sky 
making  much  more  di^erence  with  regard  to  the  light  of  large 
faint  nebulae  than  the  aperture  of  the  telescope. 
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Mr,  Christie  read  a  paper  by  Mr.  Bwrton  and  Mr.  Howard  Qrubb 
on  a  new  form  of  '^  Ghost "  micrometer,  in  which  the  image  of 
spider-lines  or  of  a  reticule  is  f <»rmed  in  the  field  of  view  bj  re- 
fiection. 

Mr.    Bidder.     Messrs.  Barton    and  Grabb  have    been  good 
enough  to  refer  to  the  form  of  micrometer  which  I  exhibit^  in 
this  room  some  years  ago.    No  doubt  the  principle  of  their  micro- 
meter is  essentially  the  same  as  mine.    I  suppose  every  parent  has 
a  bias  in  ftivour  of  his  own  bantling ;  but  I  am  bound  to  say  that 
I  think  they  have  not  improved  the  form.     One  peculiarity  of  mine 
which  they  refer  to  as,  in  their  opinion,  a  disadvantage  (I  gath^ 
that  they  have  never  worked  with  my  micrometer)  is,  to  my  mind, 
one  of  the  greatest  luxuries  and  advantages  attending  it,  and  that 
is  the  power  of  moving  the  rectangular  prism  by  which  the  rays 
are  turned  in  the  direction  of  the  eye.     Li  fact,  it  does  away  with 
all  necessity  for  a  slipping-piece  or  any  similar  adjustment,  because 
I  have  screws  by  which  I  can  move  the  prism  so  as  to  bring 
the  wire  in  contact  with  the  star  which  I  wish  to  measure  without 
any  interference  with  the  telescope  itself.     The  luxury  and  com- 
fort of  that  is  only  conceivable  by  those  who  have  used  it.    With 
regard  to  their  objections  to  the  variable  scale  in  the  form  which  I 
described,  I  do  not  understand  them  at  all — practically  when  you 
have  got  the  instrument  into  adjustment  there  is  no  variation  of 
the  s(»le,  or  at  least  no  variation  that  is  appreciable.    I  have  had 
it  mounted  now  for  some  years ;  1  have  used  it  frequently,  and,  as 
far  as  I  am  competent  to  judge,  the  facility  and  accuracy  of  mea- 
surement are  very  great.    I  do  not  say  that  because  it  is  my  work^ 
but  because  I  have  tried  it  and  found  it  to  be  what  I  describe.     I 
place  my  micrometer  outside  the  tube  of  the  telescope,  and  then  by 
two  rectangular  prisms  I  bring  the  image  of  the  wires  into  the 
field. 

Mr.  Downing  read  a  paper  upon  the  determination  of  the  dia- 
meter of  Mars  at  the  mean  distance  of  the  Earth  from  the  Sun. 

Mr.  Stone  read  a  paper  on  the  determination  of  the  coefficient  of 
the  parallactic  inequality  in  the  expression  for  the  Moon's  longi- 
tude. 

Mr.  Neison.  As  to  Mr.  Stone's  objecting  to  what  Mr.  Campbell 
and  myself  have  said,  we  assumed  that  he  had  done  the  one  thing 
he  said  he  had  done  and  nothing  more.  Now  it  seems  he  has  done 
something  else,  and  therefore  the  corrections  that  we  have  applied 
in  our  paper  are  unsatisfactory.  But  we  put  them  on  a  purely 
hypothetical  basis.  As  regards  the  45-year  inequality,  when  you 
come  to  compare  the  series  of  calculated  values  with  the  actual 
results,  you  find  that  they  only  differ  by  about  -j^^  of  a  second  of 
arc,  whereas  if  you  compare  them  with  one  constant  value  they 
differ  by  a  quantity  considerably  over  a  second  of  arc.  It  is  true 
when  we  come  to  a  change  in  the  instruments  and  take  the  later 
observations  and  compare  them  with  the  calculated  values,  we  do 
not  get  the  same  accordances.     It  is  quite  possible  that  these  di- 
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vergenoes  maj  be  due  to  some  instrumental  changes ;  but  if  you 
find  these  accordances  between  the  calculated  values  and  observa- 
tions for  a  period  of  95  years  and  then  discordances  for  a  period 
of  5  years,  you  cannot  say  that  the  inequality  does  not  exist.  These 
inequalities  are  confirmed  by  later  observations. 

The  Vice-President.  This  is  a  most  valuable  paper,  and  most  of 
us  will  read  it  with  great  pleasure  when  it  is  in  pnnt.  Some  of  us 
have  not  been  able  to  follow  it  exactly,  but  when  it  is  printed  I  am 
sure  it  will  point  out  some  very  important  results.  Let  us,  if 
possible,  get  the  truth  of  the  matter ;  that  is  what  we  are  desirous 
to  do.  If  Mr.  Neison  can,  on  the  other  side,  bring  forward  any  pro- 
position we  shall  be  glad  to  receive  it — ^although  it  may  not  exactly 
agree  with  the  results  of  Mr.  Stone's  investigation — as  it  is  impor- 
tant for  us  to  find  out  the  truth. 

Mr.  Christie,  The  Astronomer  Royal  has  received  a  telegram 
from  the  Smithsonian  Institution,  Washington,  announcing  that 
the  comet  discovered  at  Dun  Echt  by  Dr.  Lohse  on  November  7  is 
the  same  as  that  which  was  found  by  Mr.  Lewis  Swift  on  Oct.  10, 
and  is  identical  with  Comet  iii.  1869.  It  would  therefore  be  a 
comet  of  1 1  years'  period,  which  is  an  important  discovery. 

The  following  gentlemen  were  balloted  for  and  duly  elected 
FeDows  :— Eev.  F.  B.  Allison,  B.  F.  Cobb,  H.  A.  Severn. 

The  meeting  adjourned  at  ten  o'clock. 


The  Group  e  Lyra. 

Ik  preparing  the  present  diagram,  the  chief  object  has  been  so  to 
arrange  the  results  of  past  observations  as  to  fairly  represent  our 
present  knowledge  of  this  group,  and  to  combine  with  that  a  use* 
fulness  for  reference  by  subsequent  observers. 

In  constructing  the  map  from  which  the  diagram  given  in 
No.  41  was  copied,  micrometer  measures  were  made  of  the  prin- 
cipal stars,  and  these  positions  were  used  as  starting-points  in 
fixing  the  places  of  the  fainter  ones.  No  other  course  was  avail- 
able, because  many  of  the  latter  class  were  too  small  to  bear  the 
least  illumination  of  the  field.  From  the  original  map  so  laid 
down  the  following  measures  have  been  taken ;  but  although  they 
cannot  claim  the  lull  authority  of  direct  measures,  except  in  the 
case  of  the  brighter  stars,  yet  they  may  be  of  some  little  value  for 
comparison  with  those  of  others,  and  may  serve  to  give  an  idea  of 
the  approximate  accuracy  of  the  diagram. 

The  order  of  the  letters  affixed  to  the  stars  for  easy  reference 
is  partly  that  of  discovery ;  K  is  a  star  first  mentioned  by  Dawes, 
L  is  Lassell's  star,  and  M  is  one  first  recorded  by  Sadler  and 
Ward.  The  remainder  are  lettered  in  groups  as  they  occur  round 
the  brighter  stars,  the  preceding  ones  being  taken  first. 
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In  respect  to  magnitudes,  onl^  approximations  can  be  oSerod,  as 
these  are  simply  estimations  and  not  measores. 

Positions  tMOSuredfrom  G. 
Star.  Authority.  Po8.-Aiigle.  Dittanoe.  Mag. 

o  u 

A Lamont  335  117 

C „  186  92 

E „  92  67              95 

F „  224  50            10-5 

G     „  o            o            12 

H    „  241  80            14 

I ,•  267  76            15 

J „  266  144 

K     Dawes  306  113             13 

L Lassell  336  24 

M    Sadler  &  Ward         125  59  15 

N    Pratt  307  68         15  to  17 

O     „  328  65 

^' „  343  75 

Q    „  241  52 

B „  263  35 

S „  198  62             „ 

T ,,  179  67             14 

U    „  173  85         IS  to  17 

V    „  33  102             14 

W „  60  80         15  to  17 

X    •    „  82  79 

Y     „  86  109            14 

During  the  observations  made  in  constructing  the  map,  it  was 
continually  noticed  that  G  was  much  less  bright  than  F.  K  was 
quite  an  easy  object.  H,  T,  V,  T,were  readily  seen  by  attention, 
H  being  the  brightest,  and  the  rest  in  descending  order.  I  and  M 
were  next  in  order  of  brightness.  The  remainder  required  close 
attention  and  the  exclusion  of  the  larger  stars  from  the  field. 
The  star  J  was  always  seen,  but  was  not  included  in  the  diagram, 
because  it  is  outside  the  circle  referred  to  in  No.  41,  and 
within  which  the  observations  were  rigidly  confined*.  Lassell's 
L  was  for  some  reason  overlooked,  a  sSght  omission  not  difficult 
to  account  for,  its  existence  being  unknown  at  the  time  the  obser- 
vations were  in  progress.  This  it  will  be  noted  is  the  only  star, 
whose  position  was  previously  well  determined,  which  was  unob- 
served. 

It  is  necessary  to  note  that,  by  a  printer's  mistake,  N.PJ).  was 
inserted  at  the  side  of  the  diagram  in  the  September  number, 
instead  of  N.  Dec,  which  the  numbered  scale  represents. 

^   Its  poeition  is  now  indicated,  just  outside  the  diagram. 
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The  history  of  the  principal  stars  in  this  group  is  as  follows : — 
On  the  29th  of  August  1778,  Sir  William  Herschel  first  saw  €* 
and  €*.  He  writes: — "Aug.  29.  A  very  curious  double-double 
star.  At  first  sight  it  appears  double  at  some  considerable  distance, 
and  bj  attending  a  little  we  see  that  each  of  the  stars  is  a  very 
delicate  double  star."  He  calls  them  "  5  et  c  Lyr»,  Fl.  4  and  5  ' 
(Phil.  Trans,  vol.  72). 

8. 

]LA.~8i    765       4821       01       98456       7       8+ 
N.Deo. 
8 

80 

40 

eo 

80 

J 

p.  l«>  F. 

180 
140 
160 
180 
800 
880 

N. 

In  his  MSS.  the  following  note,  with  a  diagram,  is  found : — 
"Nov.  29,  1782.  Inter  e  and  e  LyrsB  (Mayer's  e)the  20  feet 
shows  me  two  small  stars  [F,  G]  I  have  never  before  taken  notice  of 
with  the  7  feet.  That  which  is  below  [E.  mag.  9^]  I  have  often 
noticed." 

Then  comes  the  observation  of  Sir  John  Herschel  and  Sir 
James  South : — "  DebUissima  inter  4  (e)  and  5  LyrcF.  Twenty-feet 
reflector.  Equal,  or  nearly  so;  each  of  the  15th  or  20th  mag- 
nitude. Its  existence  cannot  be  even  suspected  with  either  of  the 
equatoreals.  The  seven-  and  ten-feet  reflectors  (the  former  of  6, 
the  latter  of  9  inches  aperture)  in  like  manner  fail  to  give  any 

indication  of    it The  20-ft.  reflector,  however,  shows 

a  double  star,  whose  distance  is  one-fourth  that  of  e  from  5  (t.  e, 
S3")  in  the  middle  between  them."    (Phil.  Trans.  1824,  pt.  2.) 
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Dawes,  in  1830,  saw  the  ddnlissima  [P,  G]  steadily  with  yS 
inches,  and  also  several  much  fainter  stars  immediately  preceding: 
he  assigns  a  mng.  of  io|  to  the  faint  pair.  In  1833  he  saw  and 
marked  down  the  approximate  positions  of  AB,  CD,  E,  P,  G,  H, 
I,  J,  K. 

Lament,  in  1837,  with  the  ii*2-in.  refractor  at  Munich,  made 
measures,  and  constructed  a  diagram,  which  shows  AB,  CD,  E,  F, 
G,  H,  I,  J.  Lamont  appears  to  have  been  the  first  to  make  careful 
measures  of  the  faint  stars. 

Lassell,  observing  with  the  2-ft.  Newtonian  at  Bradstones,  near 
Liverpool,  in  1856,  detected  a  very  faint  star  "north  of  the  most 
following  of  the  *  debilissim®,'  and  about  one-fifth  of  the  way 
towards  the  northern  double  "  (Monthly  Notices,  vol.  xvii.).  This 
is  L  on  the  dii^ram. 

Li  187 1-2,  Wilson  and  Seabroke  examined  the  group,  and  made 
some  measures  of  angle  and  distance. 

Li  1873,  ^^*  Pnnce  drew  attention  to  the  relative  l^ightness 
and  positions  of  B,  F,  G,  (Monthly  Notices,  vol.  xxxiv.). 

In  1876,  Sadler  and  Ward  detected  a  very  faint  star,  marked  M 
on  the  diagram. 

Other  faint  stars  are  recorded  as  having  been  seen  by  Cooper 
Key,  Grover,  Holden,  and  other  observers  (see  'Astronomical 
Register,'  1864,  1871,  <&c.). 

In  conclusion,  the  stars  may  be  grouped  historicallv  as  follows : — 
AB,  CD,  E,  F,  G,  discovered  by  Sir  William  Herschel. 
P,  G,  H,  I,  J,  K,  seen  independently  by  Dawes,  and  H,  I,  J,  K, 

first  detected  by  him. 
H,  I,  J,  seen  independently  by  Lamont. 
L,  first  noted  by  Lassell. 
M,  detected  by  Sadler  and  Ward. 
E,  seen  by  all,  of  course. 

The  remainder  were  first  carefuUy  aligned  or  measured  by 
Pratt,  some  of  them  having  been  previously  seen  by  Cooper  Key, 
Grover,  Squire,  Holden,  and  others.  H.  I^tt. 

J.  Gledhill. 


The  Advance  of  Astronomy. — Part  II. 

The  present  condition  of  astronomy,  with  its  vast  and  rapidly  in- 
creasing store  of  accurate  observations,  offers  many  interesting  sub- 
jects to  the  theoretical  astronomer.  The  observations  of  the  stars 
are  now  so  numerous,  and  have  been  so  fully  reduced  and  criticised, 
and  the  time  during  which  the  observations  have  been  made  is  so 
extended,  that  we  shall  soon  have  excellent  data  for  a  new  and  very 
exact  determination  of  the  constant  of  precession.  The  orbits  of 
the  planets  and  the  moon,  and  their  masses,  are  now  so  well  known 
that  little  uncertainty  can  arise  from  this  source ;  and  by  taking 


Digitized  by 


Google 


1880.]  Advance  of  Astronomy.  641 

into  the  caleulation  a  great  number  of  stars  in  different  parts  of  the 
heavens,  we  may  be  able  to  determine  the  motion  of  the  solar  system 
in  space,  as  well  as  the  constant  of  precession.  The  constant  of 
aberration  also  needs  a  new  determination :  and  since  this  constant 
is  so  closely  connected  with  the  theory  of  light  and  its  velocity,  and 
the  methods  of  its  determination  are  still  under  discussion,  it  would 
be  well  if  several  astronomers  could  determine  this  constant  inde- 
pendently. The  value  we  now  use  was  found  by  W.  Struve  from 
prime- vertical  observations,  and  is  apparently  very  accurate  ;  but 
.  no  astronomical  constant  should  depend  on  the  work  of  a  single 
astronomer  with  a  single  instrument,  when  it  can  be  determined  so 
easily  and  by  other  methods.  The  old  method  of  finding  the  value 
of  this  constant  from  the  eclipses  of  Jupiter's  satellites  may  yet 
give  us  a  trustworthy  value.  The  value  or  the  other  constant  ne- 
cessary for  the  reduction  of  observations,  that  of  nutation,  must  be 
nearly  that  found  by  Peters  in  his  well-known  investigation  of  this 
question.  This  value  may  be  verified  by  a  new  series  of  observa- 
tions of  Polaris,  or  of  the  declinations  of  stars  situated  so  that  this 
constant  has  its  full  influence  on  the  reductions. 

There  are  many  subjects  in  astronomy  that  need  investigation, 
but  in  most  cases  the  labour  required  is  very  great^  and  the  comple- 
tion of  the  work  would  occupy  a  long  time.  This  follows  of  course 
from  the  fact  that,  with  the  refinement  of  observations  and  their 
exact  reduction,  many  small  terms  must  be  considered  which  for- 
merly could  be  neglected.  The  lunar  theory  has  been  a  vexed 
question  for  the  last  two  centuries,  and  may  remain  so  for  a  long 
time  to  come.  This  will  no  donbt  be  the  case  until  some  able  as- 
tronomer, with  the  will  and  perseverance  of  Delaunay,  shall  under- 
take its  complete  revision.  This  question  should  now  be  looked  on 
as  a  purely  scientific  one,  and  its  definite  solution  should  be  under- 
taken. The  theory  should  not  be  patched  up  by  guesswork  to  fit 
the  observations,  but  should  be  carried  out  with  the  utmost  rigour. 
This  is  a  problem  to  which  a  young  and  able  mathematician  may 
well  devote  his  life,  and  we  must  expect  its  solution  from  some 
such  clear-headed  devotee  of  science.  Several  of  the  planetary 
theories  need  a  new  investigation,  and  some  of  them  are  already  in 
the  hands  of  able  astronomers.  That  of  Mercury  is  especially  in- 
teresting in  connection  with  the  intra-Mercurial  planets,  and  it  is  to 
be  hoped  that  Leverrier's  theory  of  this  planet  may  soon  have  a 
careful  revision. 

Again,  among  the  secondary  systems,  the  satellites  of  Jupiter  and 
Saturn  offer  many  interesting  questions  to  the  astronomer.  At 
present  the  satellites  of  Jupiter  demand  a  more  complete  theory, 
and  new  tables  of  their  motions.  Corrected  elements  of  these 
satellites  may  be  required  for  reducing  observations  of  their  eclipses, 
and  for  deriving  a  new  value  of  the  constant  of  aberration.  These 
satellites  form  a  peculiar  and  interesting  system,  and  their  theory 
is  so  complicated  that  the  labour  of  correcting  their  elements  and 
forming  new  tables  would  be  great,  but  still  within  the  power  of  a 
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perseToring  astronomer.  The  recent  ducovery  of  the  connection 
of  comets  with  streams  of  meteors  has  given  aidditional  interest  to 
cometary  astronomy,  and  there  is  plenty  of  hard  work  to  be  done 
in  reducing  observations,  in  computing  perturbations,  and  in  de- 
ducing the  best  orbits  of  the  comets.  The  periodical  comets  have 
another  interest,  since  they  may  give  us  information  concerning 
the  matter  filling  space.  It  seems  to  be  probable  from  different 
reasons,  such  as  the  consideration  of  the  light  of  the  stars,  that 
there  must  be  matter  spread  throughout  the  celestial  spaces ;  but 
the  only  heavenly  body  that  has  directly  given  us  information  on 
this  subject  is  Encke  s  comet,  which  has  a  period  of  3^  years. 
For  a  long  time  the  motion  of  this  comet  was  very  completely 
computed  by  Encke,  whose  calculations  show  very  strong  proof  of  a 
resisting  medium.  These  calculations  were  continued  by  You 
Asten,  whose  early  death  prevented  him  from  finishing  his  work, 
and  the  theory  of  this  comet  is  left  in  an  unsatis&ctory  condition. 
It  is  very  desirable  that  the  motion  of  this  comet  should  be  com- 
pletely investigated,  and  although  the  method  of  the  special  per- 
turbations of  the  elements  followed  by  Encke  is  probably  the  best 
that  can  be  used,  still  in  such  a  case  it  would  be  well  to  apply 
various  methods.  Here  again,  on  account  of  the  frequent  returns 
of  the  comet,  the  labour  of  computation  is  very  great,  and  probably 
would  be  enough  fully  to  occupy  the  time  of  one  astronomer.  The 
interesting  questions  connected  with  the  motion  of  this  comet 
ought  to  induce  some  one  to  undertake  this  laborious  work,  and 
these  questions  are  so  important  that  two  or  three  astronomers 
might  well  be  employed  on  its  theory. 

The  methods  of  astronomy  have  now  become  so  well  established, 
that  the  future  advancement  of  the  science  is  assured,  especially 
since  long  intervals  of  time  give  an  increased  value  to  observations. 
Yet  we  may  hope  for  improvement  in  instruments,  for  the  intro- 
duction of  new  methods  of  observing,  for  better  trained  and  more 
efficient  astronomers  ;  and  perhaps  also  the  rapid  advancement  of 
the  physical  sciences  may  furnish  us  with  new  and  more  powerful 
methods  of  investigation.  There  is  an  intimate  relation  between 
the  instrument-maker  and  the  astronomer,  and  they  should  under- 
stand each  other  better  than  is  generally  the  case.  It  may  seem  a 
small  matter  that  the  divisions  of  a  circle,  or  of  a  scale,  should  not 
be  too  finely  or  too  coarsely  cut,  that  the  readins-soale  should  not 
be  placed  in  an  inconvenient  position,  and  that  the  illumination  of 
the  instrument  should  be  carefully  studied  and  brought  under  the 
control  of  the  astronomer ;  but  these  are  really  essential  points, 
and,  if  not  rightly  arranged,  are  certain  to  weary  the  observer  and 
to  impair  the  quidity  of  his  work.  Such  mistakes  will  not  be  reme- 
died until  the  makers  better  understand  the  uses  of  an  astronomical 
instrument,  and  have  correct  ideas  of  the  ends  to  be  attained.  Since 
our  American  opticians  have  placed  themselves  at  the  head  of  their 
craft,  we  may  hope  that  our  instrument-makers  will  do  likewise, 
and  that  they  will  soon  be  able  to  furnish  us  with  the  best  instru- 
ments of  precision. 
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There  is  one  point  to  which  astronomers  should  give  mure  atten- 
tion, and  from  which  we  may  reasonably  hope  that  great  advantages 
to  astronomy  may  come  ;  and  that  is  to  the  selection  of  sites  for 
new  observatories.  It  is  possible,  perhaps  probable,  that  our  in- 
struments may  be  greatly  enlarged  and  improved,  and  that  impor- 
tant discoveries  and  improvements  in  the  manufacture  of  optical 
glass  may  be  made  ;  but  it  seems  certain  that  we  have  within  easy 
reach  very  decided  advantages  for  astronomical  work  by  the  choice 
of  better  positions  for  our  instruments.  Very  few  American  obser- 
vatories have  been  established  for  the  purpose  of  doing  scientific 
work,  or  with  much  thought  or  care  for  their  future  condition  ;  but 
generally  they  are  built  in  connection  with  some  college  or  academy, 
and  are  the  product  of  local  and  temporary  enthusiasm,  which  builds 
an  observatory,  equips  it  with  instruments,  and  then  leaves  it  help- 
less. The  atmosphere  that  surrounds  us,  and  its  sudden  changes  of 
temperature,  are  the  great  obstacles  to  the  good  performance  of  a 
telescope ;  and  the  larger  the  instrument,  and  the  higher  the  mag- 
nify ing-power,  the  more  serious  are  these  hindrances.  Now,  with 
our  present  means  of  travel,  we  can  easily  place  our  instruments  at 
an  altitude  of  eight  or  ten  thousand  feet,  and  above  a  large  part  of 
the  atmosphere.  In  this  way  we  may  be  able  to  do  with  small  in- 
struments what  at  common  adtitudes  can  be  done  only  with  large 
ones ;  and  when  possible  it  is  always  better  to  use  small  instru- 
ments, since  they  are  more  easily  handled,  and  are  relatively  stronger 
and  better  than  large  ones.  Uniformity  of  temperature  may  be 
secured  by  seeking  locations  in  the  tropical  islands,  or  on  coasts 
like  that  of  California,  were  the  ocean  winds  keep  the  tempera- 
ture nearly  uniform  throughout  the  year.  At  great  altitudes  we 
may  secure  a  clearness  of  vision  that  would  be  of  the  greatest 
value  in  the  examination  of  faint  objects  ;  and  by  this  means,  and 
by  persevering  and  continuous  observation,  interesting  discoveries 
may  be  made.  It  is  a  matter  of  course  that,  except  in  the  case  of 
comets,  the  future  discoveries  in  astronomy  will  belong  to  feint 
and  delicate  objects  ;  but  these  are  interesting,  and  should  not  be 
neglected.  A  uniform  temperature,  which  secures  good  definition 
and  steady  images  of  the  stars,  is  necessary  for  accurate  determina- 
tions of  position,  and  for  all  measurements  of  precision*  This  con- 
dition is  especially  important  in  such  work  as  that  of  steUar  paral- 
lax, the  determination  of  the  constant  of  aberration,  and  wherever 
the  yearly  change  of  temperature  may  act  injuriously.  In  the 
selection  of  better  sites  for  observatories,  I  think  we  have  an  easy 
means  of  advancing  astronomy. 

As  this  science  grows  and  expands,  it  will  become  more  and  more 
necessary  to  study  the  economy  of  its  work,  in  order  that  astrono- 
mers may  bestow  their  labours  in  the  most  advantageous  methods, 
and  may  rid  themselves  of  all  cumbersome  and  time-consuming 
processes.  The  manner  of  publishing  observations  has  already 
been  much  abbreviated,  and  improved  I  think,  by  some  of  the 
European  astronomers,  and  this  change  seems  destined  to  become 
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uniTersal.  As  the  positions  of  many  objects  are  now  well  known, 
the  need  of  printing  all  the  details  of  the  observation,  such  as 
the  transits  oi  the  wires,  the  readings  of  the  micrometers,  etc.,  is 
▼ery  slight;  and  this  printing  may  be  safely  abandoned.*  Even 
this  change  will  lead  to  a  great  saving  in  the  time  and  cost  of 
printing.  But  this  \i'ill  necessitate  a  more  complete  discussion 
of  the  work,  and  a  more  careful  examination  of  the  instruments — 
things  to  be  desired,  since  they  tend  to  lift  the  observer  out  of 
his  routine,  and  make  him  a  master  of  his  business.  There  are 
objections  to  this  chan^  and  some  of  them  are  real,  such  as  the 
importance  of  publishmg  a  complete  record ;  but  this  is  overesti- 
mated, I  think,  since  the  original  records  ought  always  to  be  re- 
ferred to  in  case  of  doubt ;  and  other  objections  are  factitious,  such 
as  the  need  of  publishing  a  large  and  showy  book  iii  order  to  im- 
pose on  the  public. 

We  may  hope  also  for  improvements  in  theoretical  astronomy, 
and  for  the  better  training  and  preparation  of  students  of  this 
science.  I  know  that  it  is  sometimes  said  that  theoretical  astro- 
nomy is  finished,  and  that  nothing  more  can  be  done.  Such  asser- 
tions come  from  professors  who  are  old  and  weary,  or  from  those 
young  men  who  ture  out  early  in  life ;  but  they  are  wrong.  The 
improvements  that  Hansen  has  made  in  the  theory  of  perturtntions, 
and  Foinsot's  study  of  the  theory  of  rotation,  show  what  careful 
investigation  may  do,  and  assure  us  of  further  progress.  It  must 
be  coniessed  that  some  of  the  astronomical  work  done  in  our  coun- 
try bears  evidence  that  the  astronomers  did  not  understand  the  cor^ 
rect  methods  of  reduction,  and  much  of  it  shows  evidence  of  hasty 
and  ill-considered  plans.  This  is  perhaps  a  natural  condition  for 
beginners,  but  we  trust  that  it  has  been  outgrown.  An  actual 
need  for  the  astronomical  students  of  our  country  is  a  good  book  on 
theoretical  astronomy,  similar  to  Font^ulant's  work,  in  which  the 
whole  subject  shall  be  presented  in  a  complete  form,  such  as  we 
find  in  the  '  M^canique  Celeste,'  together  with  an  account  of  the 
improvements  made  by  Gauss,  Poisson,  Hansen,  and  others.  There 
is  no  American  book  of  this  kind  ;  and  the  English  works  are  too 
partial,  designed  apparently  to  fit  the  student  for  college  examina- 
tions, and  not  to  give  him  a  complete  knowledge  of  the  science.  Such 
a  book  has  hardly  been  attempted  in  our  language,  unless  that  of 
Woodhouse  may  be  an  exception ;  and  it  may  be  a  long  time  in 
coming,  since  it  requires  a  man  qualified  to  do  the  work,  and  will 
involve  an  expense  of  labour  in  the  preparation,  and  of  cost  in  pub- 
lishing, such  as  few  are  willing  to  mciu*.  In  the  mean  time  it  is 
far  better  for  the  student  to  go  directly  to  the  writings  of  Lagrange 
and  Laplace,  of  Gauss  and  Poisson  and  other  masters,  rather  than 
to  spend  time  in  reading  second-rate  authors  who  endeavour  to  ex- 
pJain  them.  And  generaUy  this  will  be  found  the  easier  way  also, 
since  the  student  avoids  the  confused  notions  and  symbols,  and  the 
grotesque  expressions  and  egotism  of  small  men,  and  is  lifted  into 
the  region  of  ideas  and  invention. 
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In  preaenting  his  exponlion  of  the  nebular  hypothesis,  which  has 
since  become  so  celebrated,  Laplace  sajs — *'  I  present  this  hypo- 
thesis with  the  distrost  whioh  every  thing  ought  to  inspire  that  is 
not  a  result  of  obs^Tvation  oar  of  calculation."  It  is  a  singular  fact 
that,  among  all  the  writings  on  the  nebular  hypothesis,  I  We  never 
seen  a  reference  to  this  presentation  of  it  by  its  most  distinguished 
advocate ;  and  yet  this  is  the  true  spirit  of  scientific  ast^nomy. 
I^place  did  not  wish  to  exempt  his  own  theories  from  criticism, 
and  neither  should  any  one.  In  astronomy  there  is  no  final  human 
authority,  no  synod  or  council,  but  simply  an  appeal  to  reason  and 
observation.  If  a  theory  or  a  discovery  be  true,  it  will  stand  the 
test  of  observation  and  of  calculaticoi ;  if  false,  it  must  pass  away 
to  that  Miltonian  limbo  where  so  many  things  have  gone  and  are 
going.  The  question  is  sometimes  asked.  Of  what  use  is  astro- 
nomy ?  and  the.  reply  generally  made  is  that  it  has  conferred  great 
benefits  on  navigation  and  on  commerce,  since  it  is  by  means  <3  his 
astronomical  knowledge  that  the  sailor  determines  the  position  of 
his  ship  on  the  ocean.  There  is  a  truth  in  this  reply,  but  it  is  only 
partial.  The  great  value  of  astronomy  is  that  it  is  r^y  a  science, 
and  that  it  has  broken  the  path  and  leii  the  way  through  which  all 
branches  of  science  must  pass  if  they  ever  become  science.  It  is 
the  spirit  of  honest,  unrdenting  cdticism,  and  of  impartial  exami- 
nation, that  finally  eliminates  error  and  awards  to  every  one  his 
just  due,  that  makes  astronomy  honourable  and  attractive ;  and  it 
is  by  cultivating  this  spirit  that  astronomy  confers  its  chief  benefit, 
for  it  is  this  that  shall  break  in  pieces  and  destroy  all  false  assump- 
tions in  science  and  in  philosophy.  AsiJPH  Haix 


The  Spectrum  of  Hartmg^s  Comet. 

Iif  the  last  Number  of  this  journal.  Von  Konkoly,  of  O'  Gyalla, 
publishes  observations  upon  the  spectrum  of  this  comet,  which  in 
some  respects  differ  considerably  from  the  results  of  my  oveH 
measures.  I  therefore  present  my  data,  in  hopes  that  the  cause  of 
the  difference  may,  if  possible,  be  detected,  and  the  truth  arrived  at. 
My  observations  were  made  with  a  single-prism  spectroscope  of 
the  ordinary  chemical  form.  Tlie  prism  is  of  60%  of  white  flint 
glass,  the  telescope  and  collimator  each  have  an  aperture  of  31 
miliims.,  and  a  focal  length  of  abo^t  350  millims.     The  magnifying- 

Sower  used  was  about  17,  and  the  dispersion  was  sufficient  to 
ivide  the  D  lines  conspicuously. 

There  is  a  scale  which  can  be  illuminated  at  pleasure,  visible  by 
reflection  from  the  surface  of  the  prism  in  the  usual  way.  The 
eyepiece  has  an  occulting  bar,  movable  by  a  graduated  micrometer- 
screw,  and  a  steel  pointer  of  Vogel's  pattern,  either  of  which  can 
be  used  at  pleasure.  A  comparison  prism  attached  to  the  slit  gives 
the  means  of  determining  the  constants  of  the  scale  at  any  time  by 
bringing  known  spectra  into  the  fidld. 

2x2 
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The  view-telescope  is  moTable  by  a  twogent-sciew,  and  in  obser- 
vation was  always  so  placed  as  to  bring  the  line  measured  into  the 
centre  of  the  field  of  view^  an  essential  precaution  in  order  to  avoid 
the  errors  of  instrament»l  parallax  arising  from  the  variations  in 
the  focal  length  of  the  lenses  for  light  of  different  colours.  The 
spectroscope  was  attached  to  the  9^-inch  equatoreal  of  this  obser- 
yatoiy. 

The  observations  were  made  on  the  nights  of  Oct.  2,  3,  and  7.. 

On  the  first  night  the  spectroscope  was  not  f  ullj  adjusted,  the 
comparison  prism  and  electrode-holders  not  being  satisfactorily 
arranged.  Nothing  further  was  done  than  to  satisfy  ourselves 
tiiat  the  spectrum  was  of  the  usual  type,  agreeing  sensibly  with  that 
of  the  Buasen-burner  flame.  There  was  a  considerable  continuous 
spectrum  from  the  nucleus.  The  bands,  with  a  narrow  slit,  were 
very  well  defined  at  the  lower  (less  refnuigible)  edge,  and  showed 
a  strong  tendency  to  break  up  into  lines.  I  could  not,  however, 
hold  any  of  the  lines  steadily  enough  for  a  satis&ctory  pointing. 

On  Oct.  3  every  thing  was  in  order,  and  a  number  of  readings 
were  made  on  each  of  the  three  bands  of  the  comet  spectrum,  and 
on  certain  lines  of  comparison  spectra  selected  to  determine  the 
scale-constants. 

For  the  comet  spectrum  I  obtained : — 

Lower  edge  of  lower  band,  scale-reading  70*07  (mean  of  3). 
„  „      middle  band,  „  80*90  (mean  of  5). 

„  „      upper  band,  „  78*35  (mean  of  3). 

In  no  case  did  any  reading  differ  more  than  -|^  of  a  division 
from  the  mean  as  given. 

For  the  scale-constants  I  obtained : — 

Lower  band,  Bunsen  flame (X=5635),  scale  68*3 

Middle  band,          „  (^=51^5),  „  8i'o 

Upper  band,           „  (X=474o),  „  98*2 

D,  middle  of  pair    „  (^=5892),  „  62*0 

Lower  ma^esium  line  (^=5S27)>  ,9  71*1 

6.,  magnesium  line  (^=5183),  „  80*7 

F,  hydrogen /3  (X=486i),  „  92*4 

(I  have  used  the  wave-lengths  for  the  Bunsen-bumer  spectrum 
given  by  Dr.  Watts  in  'Nature'  for  May  8,  1879.) 

The  readings  on  the  comet  were  made  by  bringing  down  the 
occulting  bar  until  the  edge  of  the  band  iust  remained  visible,  and 
then  illuminating  the  scale.     Of  course  tne  observations  could  not 
be  made  very  rapidly  in  this  way,  as  it  always  required  t\io  or 
three  minutes  for  the  eye  to  recover  its  sensitiveness  after  each 
scale-reading.     The  reference  spectra  were  sufficiently  bright  to 
admit  of  direct  comparison  with  the  scale. 
From  these  data  I  deduce,  by  a  graphical  process  : — 
Lower  edge  of  lower  band  in  comet-spectrum  XS5564 
„  „       middle     „  „  5169 

»>  »       upper      „  „  4737 
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The  possible  error  for  the  middle  band  cannot,  I  think,  exceed  10 
units,  and  for  the  other  two  about  1 5  or  20. 

Von  Konkoly  resolved  the  lower  band,  and  gives  determinations 
of  the  wave-lengths,  both  of  the  lower  edge  of  the  band  and  of  the 
line  observable  in  the  band. 

His  numbers  run  as  follows,  taking  the  mean  of  his  three  closely 
accordant  measures : — 

Lower  edge  of  lower  band    X=56io ) 

Line  in  lower  band  5492  J 

Lower  edge  of  middle  band 5165 

Lower  edge  of  upper  band  4857 

As  regards  the  middle  band  our  agreement  is  practically  perfect ; 
but  there  is  a  difference  of  56  units  between  us  for  the  lower  band 
and  1 20  units  for  the  upper.  It  is  impossible  to  form  a  judgment  as 
to  the  cause  of  the  discrepancy  without  knowing  more  about  the 
manner  in  which  the  wave-length  constants  of  the  O'-Gyalla  in- 
strument were  found.  The  &ct  that  readings  are  given  upon 
the  spectrum  of  a  Ghissler  tube  containing  C^^  suggests  the  idea 
that  these  constants  may  depend  upon  the  tube-spectrum ;  and 
then  the  question  arises  whether  the  tube  may  not,  under  the  cir- 
cumstances, have  been  giving  the  Jlrst  and  not  the  usual  second 
spectrum  of  carbon.  K  so,  our  results  would  be  perfectly  accor- 
dant. As  my  own  scale-values  depend  upon  the  spectra  of  mag- 
nesium and  sodium,  as  well  as  upon  that  of  the  Bunsen  flame,  I 
do  not  see  how  they  can  well  be  wrong. 

I  may  add  that  in  187 1  I  obtained  from  Encke's  comet  the 
values  5575,  5174,  and  4702,  though  I  should  not  claim  for  them 
quite  the  same  precision  as  for  the  present  determination. 

On  Oct.  7  I  attempted  to  make  a  closer  determination  of  the 
wave-lengths  by  usin^  a  grating  in  place  of  the  prism,  but  the  comet 
was  too  faint.  The  bands  were  visible,  but  it  was  necessary  in 
order  to  see  them  to  open  the  slit  too  widely  to  permit  of  accurate 
measurement. 

As  to  the  question  whether  the  spectrum  of  the  comet  is  iden- 
tical with  that  of  carbon,  and  if  so,  with  which  of  the  carbon  spectra 
it  agrees,  I  can  only  say  that  while,  according  to  my  measures, 
the  correspondence  of  the  middle  and  upper  bands  with  the  Jirst 
carbon  spectrum  is  satisfactorily  close,  the  lower  band  presents  a 
serious  discordance,  so  great  that  I  should  hesitate  to  ascribe  it 
to  mere  error  of  observation. 
Princeton,  U.S.,  C.  A.  ToTOO. 

Not.  9,  1880. 


7%c  variable  Star  h  No.  78  near  the  Trapezium  of  Orion. 

Mb.  Gledhill  has  very  seasonably  drawn  attention  to  this  object 
in  the  last  Number,  and  it  is  to  be  hoped  that  observers  will  follow 
his  suggestions  as  to  making  systematic  observations  of  it  during 
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the  winter.  Of  audi  a  minute  object  it  is  difficult  to  decide  as  to 
its  supposed  variability  unless  seyeral  simultaneous  obserrationB 
should  be  made  of  it;  for,  as  instanced  by  Mr.  Gledliill,  it  is  re- 
corded as  visible  at  Pulkowa  on  one  occasion  when  it  was  invisiUe 
ta  Bond  at  Cambridge,  U.  S.  A.  For  ike  last  six  jeara  I  have  had 
in  progress  a  survey  of  the  nebula  and  stars  surrounding  6  Ononis, 
which  I  intend  to  make  as  complete  as  possible.  During  that  time 
I  have  observed  A  78  at  times,  but  have  never  yet  satisfied  myself 
that  it  was  redly  variable.  If  the  night  is  suitable  I  eiroect  to  see 
it,  but  a  really  transparent  atmosphere  is  necessary.  On  Nov.  3 
I  saw  it  immediately  1  turned  my  telescope  (8*i5-in.  With)  on  the 
nebula,  the  air  being  very  transparent  but  slightly  unsteady. 

It  will  be  necessary  to  note  that  Sir  John  Herschers  a  and  /3  are 
the  two  following  stars  of  the  trapezium  and  that  his  78  is  slightly 
following  a  line  drawn  through  these  two  stars  and  produced  in  a 
north-easterly  direction  about  as  far  as  the  space  between  the  two 
stars.  A  short  distance  north  of  his  78  is  75,  a  little  following  a 
line  through  y  and  ^,  the  two  preceding  stars  of  the  trapezium. 
Observers  who  may  turn  to  the  **  Cape  Observations  '*  must  re- 
member that  Herschel's  drawing  is  reversed  left  and  right,  in  accor- 
dance with  the  image  in  his  (front-view)  form  of  reflector,  so  that 
the  preceding  occupies  the  position  of  the  following  side  as  usuall}^ 
observed.  On  Nov.  3  I  saw  75  very  easily ;  it  was  much  brighter 
than  78,  although  Herschel  carefully  estimated  them  both  as  1 8  mag. 
while  he  was  at  the  Cape.  Close  to  75  are  two  exceedingly  smadl 
stars  forming  with  it  an  equilateral  triangle.  On  Nov.  3  I  saw 
these  more  easily  than  78.  Thev  were  firequently  seen  by  Bond 
and  are  given  in  his  map  ^Annals  of  Harvard  Coll.  Observatory, 
vol.  v.).    The  power  I  used  on  Nov.  3  was  220. 

18  Pmton  St,  Brighton.  HtaTET  PEAtT. 


Double  stars  for  December. 

The  following  pairs  have  been  very  recently  measured  by  the  Bev. 
Jevon  J.  M.  Perry  with  his  fine  i8|^-inch  reflector  or  by  myself 
with  the  Bermerside  p^inch  refractor.  These  measures  may  be 
interesting  to  other  amateurs  just  now.  See  also  *  The  Obser- 
vatory/ Vol.  ii.  p.  269,  Vol.  iii.  p.  245. 

S  2.        B.A.  o*»  2™-s,  Dec.  +79*^  i'.    Mag.  6'Zy  6-6. 

This  star  was  examined  on  two  good  nights,  but  no  certain  elon- 
gation could  be  seen. 

S  13.        E.A.  o'*  8»-9,  Dec.  +76^  17'.    Mag.  &6,  7-1. 

9S°*3  o"7  188079        CH. 

OS  4.        B.A.  o*  10  -4,  Dec.  +35°  48'.    Mag.  7,  8. 

152^-3  Elongated.  1880-83        GL 
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02  12.        B.A.  o»»  2S-I,  Dec.  +53^  52'.    Mag.  6,  6. 

142^-0  o"'Si  1880-83        P. 

138-2  o  '4  i88o-8i        Gl. 

OS  20.        E.A.  o^  48^  Dec.  + 18°  32'.    Mag.  6,  7. 
i8o°±  Separated.  1880-83        P. 

187  +        Not  separated.        1880-83        Qi. 

Mr.  Perry  finds  this  far  more  difficult  than  85  Pegasi. 

OS  38.        B.A.  i'*  56»-3,  Dec.  +41°  44'.    Mag.  js,  6. 

95°*3  ••  1880-79  ]^. 

loi  -o  . .  1880-80  „ 

94  -8  o"-4  1880-80  Gl. 

104-3  . .  1880-83  „ 

The  follov^ing  interesting  pairs  have  iedso  been  examiiied  on  fine 
nights : — 

i  Cygni :  the  colours  always  appear  as  follows : — A  bright 
yellow  or  whitish  yellow ;  B  dusky  yellow. 

y^  Ajidromedffi :  A  dear  blue  always ;  B  bright  yellow  or 
yellowish. 

85  Fegasi.  This  most  difficult  object  is  no  doubt  beyond  the 
power  of  our  instrument,  except  perhaps  on  the  yery  finesir 
nights.  Mr.  Perry,  however,  can  both  see  and  measure 
it.  He  writes,  **  1880-8378,  Position  324^-5,  distance 
o"-72.  This  is  a  very  difficult  object,  but  with  the  fidl 
aperture  and  a  power  of  600  the  companion  was  clearly 
seen."  J.  Glbd^ill. 

Mr.  Edward  Crossley's  Observatory, 
Bermerside,  Halifax. 


Meteor  Notes  for  December*. 

Thb  Geminids  recur  on  the  9th- 12th  and  should  be  looked  for 
after  midnight  on  those  dates,  when  the  Moon  will  have  set  and  the 
radiant  attained  a  fair  elevation.  The  position  of  this  radiant  is 
dose  to  a  Geminorum,  and  there  is  a  contemporary  shower  further 
south.  On  about  the  8th  there  is  a  conspicuous  showier  of  swift 
streak-leaving  meteors  from  a  point  at  145°  +  7®  between  Leo  and 
Sextans ;  and  there  are  now  many  radiants  in  IJrsa  Major  and  ITtsa 
Minor,  Cancer,  Leo,  and  Leo  Minor  which  cannot  fail  to  be  revealed 
by  long-continued  observation. 

Large  meteors  should  be  expected  on  the  nights  of  the  8th~9th, 
nth- 1 2th,  and  21st. 

*  See  *  Obaervatory/  VoL  L  p.  259,  VoL  ii.  pp.  270-171,  and  Vol.  iii.  pp.  246- 
249,  for  further  notes  on  Deoember  showers,  it  is  proposed  with  the  present 
month  to  discontinne  this  series  of  papers.  Intending  observers  will  be  able 
to  refer  back  to  the  repertory  of  meteor-showen  they  contain  for  fooh  inibrma* 
lion  as  if  required. 
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Recent  Observations, —  Col.  Tupmau  has  reduced  the  ohservations 
of  the  fireball  of  1880  Aug.  12,  8>»  17-  G.M.T.,  from  which  it  ap- 
pears that  '*  it  was  first  seen  from  York  at  the  height  of  72  miles 
over  Watlington  (Oxon),  and  last  seen  from  Cookham  near  Maiden- 
heady  at  the  height  of  1 1  miles  oyer  a  point  2 1  miles  from  Aberjs- 
twith,  in  the  direction  N.  80^  E.  Total  length  of  path  142  miles. 
Parabolic  duration  7^  seconds.  88  miles  of  the  path  were  seen 
from  York,  with  an  estimated  duration  of  2)|  to  3^  seconds.  The 
Cookham  and  York  observations  define  the  radiant  at  317°  +4*^ 
and  the  earth-point  from  York  S.  55°  W.,  16  miles  N.  of  Aberys- 
twith.  The  apparent  radiant  being  nearly  opposite  the  Sun,  the 
aberration  of  the  radiant  is  at  the  maximum  45^  for  a  parabolic 
orbit,  with  the  following  elements : — 

Lon^.  of  Node    140*5 

Inclination 19-5 

Long,  of  Perihelion    45*4 

Log.  Perihelion  distance   o'5Si 

Motion  direct. 

"The  aphelion  is  situated  in  ecliptic  longitude  22 5^^,  latitude 

+  19''. 

"The  longitude  of  the  apparent  radiant-point  being  nearly 
=  0  +  180,  it  follows  that  six  months  afterwaixis  when  ©=320^, 
which  occurs  Feb.  9,  the  Earth  again  nearly  intersects  the  meteor 
orbit.  If  a  stream  of  meteors  be  moving  in  such  an  orbit  their  ra- 
diant>-point  would  be,  Feb.  9,  327°  —  34  ." 

Mr.  H.  Corder,  at  Chelmsford,  observed  70  meteors  between  Oct. 
30  and  Nov.  4.  The  majority  of  these  were  slow  ones  from 
Taurus  and  Musca. 

Mr.  E.  F.  Sawyer,  at  Cambridgeport,  Mass.,  noted  104  meteors 
between  Sept.  23  and  Oct.  9.  The  chief  radiant  was  one  of  slow 
meteors  from  near  y  Arietis  at  24°  + 17°,  which  furnished  10  paths, 
with  an  average  length  of  7®  and  duration  about  i  second.  Mr. 
Sawyer  points  out  that  this  radiant  nearlv  coincides  with  that  of 
the  bright  comet  of  1769,  Sept.  28,  24!°  +17°.  He  had  pre- 
viously noticed  the  shower  in  1878  Sept.  30-Oct.  2  at  23°  +17° 
(7  paths). 

Several  meteors  of  rather  exceptional  brilliancy  have  recently 
been  recorded. 

I.  Oct  9,  10^  25".     An  apparently  stationary  meteor,  >ist  mag., 

near  y  Ononis  and  of  a  deep  orange  colour,  "While  noting 
exact  place,  it  very  slowly  began  to  descend  towards  the  hori- 
zon, occupying  6  seconds  in  traversiug  an  observed  path  of  10°. 
It  was  only  3rd  mag.  at  disappea^ce.  Course  from  76° 
+  5°  to  76  J°  —  5°.  It  was  one  of  the  slowest  meteors  ever  seen 
by  the  observer,  and  its  motionless  aspect,  when  first  noticed, 
was  very  singular. — E.  F.  JSawyer,  Cambridgeport,  Mass. 

II.  Oct.  29,  9*»  50"".     A  fine  meteor  observed  here  with  a  track 

from  about  3 1°  —  i  j{  °  to  1 6°  —  1 7°.    At  the  moment  preceding 
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its  extinction  its  brightness  considerably  exceeded  that  of 
Jupiter.  Colour  a'brilliant  bluish  white.  Duration  i|  sec. — 
J.  Baxendell^  Southport. 

This  meteor  was  also  recorded  at  Bristol  by  the  writer.  It 
gave  two  bright  flashes  and  left  a  broken  streak  for  25  sees. 
Time  ^^  50",  path  38^  + 18*'  to  26°  +  22^  length  1 2°.  Eadiaut- 
point  at  46°  + 15^  from  the  combined  paths. 
in.  Oct.  30,  f"  2o"».  =Sirius.  A  yellow  fireball  with  train  of 
sparks.   Path  103°  +55"* to 84°  +35^— iT. Carder, Chelmsford. 

Also  recorded  at  Bristol.    GKme  7**  24"*.  =1^  ;  path  337" 
+  36°  to  343""  +8°;  length  28°;  not  very  swift.    Eadiant-point 
at  185^  +68®  near  x  Draconis. 

IV.  Oct.  30, 7*"  55".    ■=  fS  •  Orange.  Quick  meteor  with  a  fine  streak. 

Path  from  about  330°  +57°  to  270^+37°. — H.  Carder,  Chelms- 
ford. 

V.  Nov.  I,  7**  40".    =ist  mag.    Bluish  white.    Path  277 J®  +39® 

to  267°  +26°;   I  sec. — J.  Baxendell,  Southport. 

VI.  Nov.  1, 10**  50"*.  =Tf.  Bluish  white  with  train  of  orange  flakes. 
Path  275®  +56°  to  257°  +43°-  Eadiant  same  as  No.  11., 
46°  +15°.— jy.  Carder,  Chelmsford. 

Vn.  Nov.  3,  9*  58".  ss'V.  A  green  fireball  with  yellow  spark  train 
Duration  about  4  sees.  Path  100°  +26°  to  116°  +26°.— 
H.  Carder,  Chelmsford. 

This  meteor  was  also  observed  by  Mr.  Christie  at  Green* 
wich  at  9**  55".  It  was  =Tf,with  path  from  109°  +25^ 
(approx.)  to  124^  +23^.  Duration  about  i  sec.  The  meteor 
died  away  in  a  dull  red  streak. 

VIII.  Nov.  3,  10**  39"*.  A  sudden  meteoric  flash  s=a  Sirius  or  %, 
apparently  stationary,  but  not  well  seen,  at  28°— 18^ — H, 
Carder,  Chelmsford. 

IX.  Nov.  4,  9**  59"*.  Large  meteor  lighting  up  the  whole  sky 
with  green  flashes,  and  leaving  four  short  streaks.  The  path 
was  pretty  accurately  noted  from  69°  —4°  to  72*^  —9®.  It 
shows  a  radiant  with  a  ist-mag.  green  meteor  and  the  green 
fireball  in  Gemini  (No.  VII.)  at  55°  + 17°»  and  so  belong  to 
the  Taurids. — H,  Carder,  Chelmsford. 

X.  Nov.  8,  14**  o"*.    A  large  meteor  >  %  shot  nearly  in  a  line  from 

5j°  +22°to344°  4-32**.     It  left  a  short  tail  of  sparks  following 
immediatelv  in  its  wake. — F.  C.  Dennett^  Southampton. 

XI.  Nov.  17,  7*  47"*.  Veiyfine  meteor  >%.  Duration  4  sees. 
It  left  a  thick  train  of  sparks.  Path  from  344°—  1°  to  32 1° 
— 14®,  s=  26®.    Seen  by  the  writer  at  BristoL 

It  was  recently  pointed  out  ('  Observatory,'  Meteor  Notes  for 
Oct.  and  Nov.)  that  large  meteors  should  be  expected  on  Oct.  29, 
Nov.  I,  2,  and  4,  and  these  fireball-epochs  are  now  abundantly 
confirmed  by  the  precedmg  observations.  The  Taurids  and  an 
equally  imposing  shower  from  between  Taurus  and  Aries  (and  S. 
of  Musca)  supply  most  of  the  very  fine  meteors  seen  at  this  period. 

W.  P.  Dbnotko. 
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CORRESPONDENCE. 

To  the  Editor  of  *  The  Observatory: 

Colours  of  Double  Stars. 

Sib,— 

I  am  much  obliged  to  Mr.  G-ledhill  for  drawing  attention,  in 
your  October  number,  to  this  important  subject,  as  well  as  for  the 
list  of  colour-estimates  of  h  Cjgni  which  he  has  there  given. 
That  which  blocks  the  way  of  every  theorist,  and  renders  his 
results  uncertain,  is,  as  he  truly  says,  the  want  of  a  definite  scale 
of  tints.  I  would  suggest  that  such  a  scale  is  at  hand,  ready 
numbered,  in  the  solar  spectrum.  The  tint  of  any  line  is  uniform, 
or  at  least  varies  but  infinitesimally,  and  in  carefully  constructed 
grating  instruments  would  form  an  unvarying  standard.  The 
personal  colour  equation  of  the  observer  would  be  eliminated,  it 
would  equally  affect  the  star  and  the  spectrum,  and  all  indefinite 
words,  as  greenish,  &c,  would  be  done  away  with.  This  scale 
could  be  adopted  with  equal  ease  in  all  parts  of  the  world,  thus 
securing  uniformity. 

How  important  the  results  of  systematic  work  in  this  direction 
would  be,  may  be  inferred  from  M.  Niesten's  suggestive  treatment 
of  the  subject.  It  has  been  too  long  n^lected,  and  would  yield 
results  of  the  highest  value  if  pursued.  Stars  whose  spectrum  and 
its  variations  cannot  be  observed,  owing  to  their  faintness,  might, 
in  great  numbers,  yield  informafion  bearing  directly  on  the  great 
problems  now  opened  up  by  spectroscopic  work. 

Trusting  that  this  subject  will  receive  attention, 

I  am.  Sir,  yours  faithfully, 

Saltcoats,  Ayrshir*,  N.B.  .  EdwaBD  B.  KjeK. 

1880,  October  26. 


Visibility  of  Venus  near  Conjunction. 

Sib,— 

In  the  Supplementary  No.  of  the  *  Monthly  Notices,'  recently 
published,  we  have  a  continuation  of  the  contributions  of  Messrs. 
Sayce  and  Bosanquet  on  the  subject  of  ancient  Babylonian  astro- 
nomy. The  question  of  the  visibility  of  Venus  when  in  proximity 
to  the  Sun  is  brought  forward.  It  appears  that  only  in  two  cases 
throughout  the  genuine  portion  of  an  inscription  on  the  planet,  is 
the  interval  between  disappearance  at  sunset  and  reappearance  at 
sunrise  stated  to  have  been  7  days,  but  that  **  throughout  the  portion 
which  we  consider  not  genuine,  this  interval  is  uniformly  stated  to 
be  7  days  "  (p.  576,  Supplementary  No.) ;  and  again,  "  We  beg  to 
call  the  attention  of  astronomers  in  tropical  countries  to  the  ques- 
tion at  what  distances  from  the  Sun  Venus  can  actually  be  seen  at 
sunrise  or  sunset.     But  in  the  meantime  we  consider  the  interval 
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of  7  days  as  highly  donbtful,  and  casting  a  doabt  upon  an  observa- 
tion in  each  case  where  it  occurs.  Its  uniform  occorrenoe  in  the 
spurious  part  o£  the  tablet  is  in  accordance  with  this  opinion.*' 

In  connection  with  this,  it  may  be  worth  stating  that  on  the 
evening  of  Februiiry  17,  1878, 1  noticed  Venus  distinctly  with  tiie 
naked  eye  only  4  days  before  conjunction*,  but  I  am  unable  to 
state  how  many  days  afterwards  it  was  visible  the  other  side  the 
sun.  As  this  was  in  our  own  country,  the  planet  should  be  se^ 
a  little  nearer  conjunction  in  tropical  lands. 

Faithfully  yours, 

Abbenhall  Rectory,  S.  J.  JOHNSOIT. 

Gloucester,  Nov.  13. 

Jupitei*'s  Northern  Hemisphere, 

SlE,— 

By  this  I  mean  that  portion  of  the  planet  north  of  the 
great  equatoreal  belt.  This  region  seems  usually  to  be  the  most 
undisturbed  portion  of  the  planet,  but,  just  now,  is  an  object  of 
great  interest. 

During  the  early  part  of  the  present  season  this  region  was 
noticed  to  be  crossed  about  midway  (apparently)  between  the 
N.  equatoreal  belt  and  the  pole  by  a  beautiful  pink  belt,  somewhat 
similar  to  the  red  spot  in  tint,  though  perhaps  lighter  and  more 
vivid.  A  little  N.  of  this  a  dark  belt  was  \'isible,  bounding  the 
polar  cap,  which  in  a  fine  air  sometimes  appeared  composed  of 
several  belts.  This  belt  has  at  times  appeared  blotched  or  broken, 
instances  occurring  on  July  22,  long.  67*;  Aug.  10,  26°;  Sept.  5, 
236°,  256°,  and  326°;  and  on  Sept.  18,  in  long.  100®;  On  Sept. 
27  a  break  was  observed  in  the  red  belt  above  mentioned,  long. 
347°,  and  on  Sept.  30  this  same  belt  was  seen  to  be  considerably  en- 
larged from  long.  60°  to  112^.  But  the  most  singular  phenomena 
are  to  come.  About  midway  between  the  N.  equatorial  belt  and  the 
red  belt  before  mentioned  there  has  been  a  belt  of  a  fine  azure  tint 
which  has  been  visible,  if  I  interpret  my  drawings  aright,  since  1877, 
though  at  that  time  it  appears  to  have  been  isituate  somewhat  fur- 
ther north.  Between  this  belt  and  the  equatoreal  zone,  in  a 
moderately  fine  air,  there  has  been  situate  a  very  fine  belt  of  a 
similar  colour.  Between  the  blue  belt  and  the  red  one,  on  the 
finest  evenings,  another  blue  or  grey  belt,  still  finer,  has  been 
visible. 

At  midnight  on  Oct.  17  I  noticed  two  singular  dark  spots  on 
the  blue  belt,  as  nearly  as  I  could  estimate  in  long.  98°  and  1 18®. 
I  had  not  anoCher  opportunity  to  observe  them  until  Oct.  23,  when 
I  was  surprised  to  find  that  the  long,  of  the  preceding  spot  was 
57®.  By  Oct.  20  the  p.  spot  had  reached  long.  ^354".  Between 
Oct.  30  and  3 1  their  speed  seemed  to  slacken  sh'ghtly,  but  since 

*  {Cf,  •  Obserratory,*  No.  42,  p.  573,  *•  Yisibility  of  Venus  in  the  Daytime^** 
by  Harry  L.  Baldwin.— Ed.] 
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that  date  it  has  seemed  to  increase  rather  than  diminish.  The 
mean  rotation  of  these  spots  between  Oct.  23  and  Nov.  17  appears 
to  be  9^  37"  39''36.  Since  first  observed,  t.  e.  in  exactly  one 
month,  they  appear  to  have  travelled  round  the  entire  plaoet,  with 
the  exception  of  some  11^  of  longitude — which  means  a  mean 
motion  of  something  very  like  327  miles  an  hour,  taking  into  con- 
sideration the  latitude  of  the  spots.  These  spots  are  doubtless 
those  mentioned  by  Dr.  Schmidt. 

I  am,  Sir,  yours  very  truly, 
Southampton,  Nov.  18.  Fbaitk  C.  Dbnkett. 

SThe  dark  spots  above  mentioned  seem  to  have  increased  in  size 
,  number  and  now  present  the  remarkable  appearance  of  a  belt 
of  black  dots  extending  right  across  the  disk. — En.] 


The  Markings  on  Jupiter. 

Sib,— 

There  is  a  conspicuous  white  spot  visible,  just  S.  of  the 
Jovian  equator,  which  has  maintained  a  permanency  and  distinct- 
ness of  form  quite  unusual  with  these  objects.  It  was  first  noticed 
on  Sept.  18  at  11*^  50™  in  crossing  the  central  meridian  of  Jupiter; 
and  it  has  been  reappearing  since  at  intervals  of  9*^  50""  5'.  It  has 
a  rapid  motion,  relatively  to  the  position  of  the  red  spot,  from  west 
to  east  around  the  planet.  On  Nov.  19  it  was  on  the  central 
meridian  at  9^  2^^^  and  in  precisely  the  same  longitude  as  the 
middle  of  the  red  spot,  yet  on  the  17th  it  followed  the  red  spot  by 
30"^.  Let  us  compare  the  observed  times  of  a  few  recent  transits, 
which  will  sufficiently  show  the  remarkable  differences  of  motion : — 

Bed  Spot        White  Spot         Diffisrenoe. 

h    m  h    m  h    m 

Nov.  2 lo  26  14  15  +  3  49 

3 ^12  9  47  +3  35 

8 5  21  7  48  +  2  27 

17 7  44  8  14  +0  30 

19 9  23  9  23  00 

20 5  14  52  —  o  12 

Thus  the  swifter  movement  of  the  white  spot  has  enabled  it  to 
overtake  the  red,  after  gaining  on  it  about  13  j"*  per  day. 

I  have  been  observing  two  other  white  s^ts  on  the  equator  with 
the  idea  of  ascertaining  whether  they  participated  in  the  same  rapid 
motion,  and  find  the  results  are  perfectly  accordant.  In  one  case 
the  observed  period  W9i»  9**  50"  6»,  and  in  the  other  9**  50**  ^*. 
These  periods  are  subject  to  some  slight  corrections ;  but  it  is  im- 
possible they  can  be  very  far  wrong. 

Last  night  the  bright  spot  first  referred  to  had  nearly  disappeared. 
If  visible,  it  should  be  near  the  central  meridifoi  of  Jupiter  at  the 
following  times : — 
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h    m 

h    m 

Dec.  I. 

•     6  37 

Dec.  6.... 

438 

2.. 

..    12      7 

7.... 

10     9 

3- 

..     7  48 

8.... 

5  49 

4-- 

..  13  i8 

9.... 

II  19 

S-- 

••     8  59 

10.. .. 

<>  59 
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Bristol,  No?,  %7,  1880. 


I  am,  Sir,  yours  faithfully, 

W.  F.  Deniono. 


Sib,— 


Bright  Spot  an  Saturn. 


Observing  Saturn  on  Nov.  i7»  9^  lo"*,  I  obtained  several 
•teadj  views  of  a  bright  spot  on  the  S.S.W.  margin  of  the  Ball. 
It  rapidly  became  fainter,  and  at  9^  20°^  had  disappeared,  having 
probably  been  carried  round  the  limb  by  the  effects  of  rotation. 

Definition  was  very  sharp.  I  saw  ij^cke's  division  in  the  outer 
ring  (A).    It  was  plainest  in  the  west  ansa. 

Prof.  Asaph  Hall,  from  observations  of  a  brilliant  spot  from 
Dec.  7  to  Dec.  13,  1876,  determined  the  rotation-period  of  Saturn 
as  lo"*  14"  28'*8 ;  and  it  would  be  interesting  to  learn  whether  the 
present  spot  can  be  identified  with  that  seen  at  Washington  in 
1876. 

My  telescope  is  a  Browning-With  reflector,  of  10  inches  dear 
aperture ;  power  450  is  gener^ly  most  effectual  on  Saturn. 

I  am,  Sir,  yours  faithfully, 

W.  P.  DBNirafa. 

Bristoli  Nov.  20,  i88o» 

Bright  Meteor. 

Sib,— 

On  the  evening  of  Nov.  17,  at  6*»  54"  G.M.T.,  a  brilliant 
8t2«ak -leaving  meteor,  much  exceeding  Jupiter  in  magnitude,  was 
observed  here  in  the  constellation  Auriga.  Origin  of  path  B.A.  6*^, 
Dec.  33°  N. ;  place  of  extinction  B.A.  6^  50",  Dec.  30°  N . 

The  places  above  are  only  approximate  (esnecially  the  origin)  on 
account  of  all  the  small  stars  bemg  obliterated  by  strong  moonlight. 
The  direction  of  flight  was  nearly  at  an  angle  of  45°  to  the  vertical, 
as  seen  from  here.  I  am.  Sir,  yours  truly, 

CoupAT  Angu0,  John  Bobebtsok. 

1880,  Nov.  20. 


NOTES. 

Solar  Physics. — ^Professor  Balfour  Stewart  and  Mr.  Dodgson 
have  sent  a  preliminary  report  to  the  Eoyal  Society  ('  Proceed- 
ings/ xxix.  p.  303),  iu  which  they  investigate  the  diurnal  ranges 
of  temperature  at  Kew,  Toronto,  and  Utrecht,  and  the  diurnal 
ranges  of  magnetic  declination  at  £ew  and  Prague.  The  results 
are,  that  the  ranges  of  temperature  exhibit  certain  connmon  periods 
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(around  24  days);  that  similar  phaaes  appear  to  occur  at  Toronto 
eight  days  before  they  occur  at  K!ew,  and  at  Kew  one  da?  before 
they  occur  at  Utrecht.  The  declination-ranges  at  Kew  and  Prague 
exhibit  certain  common  periods,  which  may  be  regarded  as  the 
same,  or  very  nearly  the  same,  as  the  above-mentioned  meteoro- 
logical periods,  the  similar  magnetic  phases  appearing  to  occur  at 
Kew  about  one  day  before  they  occur  at  Prague,  Sun-spot  records 
from  1857-68  appear  to  show  certain  solar  inequalities  very  like 
the  magnetic  and  meteorological  inequalities  in  point  of  period. 

M.  Janssen  continues  his  photographic  observations  of  the 
surface  of  the  sun,  and  has,  in  the  *  Annuaire  du  Bureau  de  Longi- 
tude' for  1879,  and  in  the  *Beport  of  the  British  Association,' 
given  an  account  of  recent  progress  in  solar  physics,  particularly 
of  what  he  supposes  to  be  a  new  discovery — the  maximum  of 
photographic  intensity  of  the  spectrum  for  iodide  of  silver  near  G, 
which  with  short  exposures  makes  the  spectrum  very  nearly  mono- 
chromatic. As  remarked  in  the  British  JoutmcU  of  Photography^ 
No.  1009  (vol.  xxvi.),  this  is  by  no  means  a  new  discovery,  but  a 
fact  known  since  the  earliest  days  of  photography. — J.  L.  K 
Dreyer. 

Supposed  Intha-Mehcubial  Planets. — In  the  '  Astronomiache 
Nachrichten,'  No.  2254,  Professor  Peters  discusses  some  of  the  so 
often  quoted  observations  of  black  round  spots  passing  over  the 
Sun,  nearly  always  made  by  obscure  amateurs — spots  which  have 
never  revealed  themselves  to  the  regular  Sun-observers,  nor  appeared 
on  the  photographs  of  the  Sun,  whi^h  have  now,  during  not  a  few 
years,  been  taken,  on  every  clear  day,  at  several  observatories. 
After  having  aUuded  to  the  spot  seen  by  Weber,  which,  but  for  it« 
being  found  on  the  Greenwich  and  Madrid  photographs,  would 
now  have  been  considered  a  wellrauthenticated  apparition  of  an 
intra-merourial  planet,  seen  by  an  expeneaced  observer.  Professor 
Peters  especially  examines  the  observation  by  Lummis,  on  March 
20,  1862,  which  is  considered  as  very  certain  by  Leverrier.  By 
referring  to  his  own  diary,  and  to  Professor  Sporer's  observations, 
he  shows  how  two  ordinary  spots  have  been  noticed  by  Mr« 
Lummis,  first  one,  and  then  twenty  minutes  after  the  other, 
which  he  thought  was  the  same  as  the  first  one,  which  had  moved 
in  the  meantime.  He  shows  how  the  second  position  was  vitiated 
by  an  error,  which  being  removed,  the  estimated  distance  of  12', 
which  was  in  contradiction  to  ^  sketch  sent  by  Mr.  Lummis  to 
Mr.  Hind,  comes  out  all  right 

Almost  simultaneously  with  the  publication  of  Professor  Peters's 
article,  another  observation  of  a  spot  in  transit  by  De  Vico  on 
July  12,  1837,  preserved  by  De  Cuppis  (who  saw  a  similar  spot 
himself  in  1839),  ^^^  hQ&^  announced  in  the  Ccmptes  renius,  vol. 
88,  No.  9.— J^  L,  E.  Dreyer. 


Digitized  by 


Google 


1880.]  Notes,  657 

CoMETa. — In  a  short  communication  to  the  British  Association 
Mr.  Q-.  J.  Stoney  put  forward  the  hypothesis,  that  the  bright  lines 
i^  the  spectra  of  comets  are  due  to  the  Sun's  light  falling  upon  the 
compound  of  carbon  in  them,  and  rendering  it  visible  in  the  same 
way  that  light  renders  other  opaque  bodies  visible,  the  vapoiur  being 
opaque  in  reference  to  the  particular  rays  which  appear  as  bright 
lines  in  the  spectrum.  The  visibility  of  comets  he  attributes  to 
phosphorescence,  the  conditions  for  the  production  of  which  are 
present  in  the  very  attenuated  vapour. 

Professor  H.  A.  Newton  communicated  at  the  same  meeting  a 
short  paper  on  the  direct  motion  of  periodic  comets  of  short  period. 
If  these  comets  originally  came  from  interstellar  space,  they  must 
have  been  turned  into  the  short  orbits  by  coming  very  near  to  a 
large  planet,  the  disturbing  influence  of  which  diminished  their 
velocity.  It  is  now  shown  in  the  paper  that  nearly  all  comets  which 
are  thrown  into  an  orbit  of  short  period  in  this  way  vnW  have  a 
direct  motion  in  the  latter.  This  is  in  accordance  with  experience, 
as  only  Halley's  comet  and  the  Leonid-comet  (1866  i)  have  retro- 
grade motions. — J.  L,  E,  Dreyer, 


Zone  Obsebtations.— Dr.  Auwershas  published,  for  the  zone- 
committee  of  the  Astronomifiche  Gesellschaft,  an  important  work, 
*  Fundamental  Catalog  fiir  die  Zonen-Beobachtungen  am  nordlichen 
Himmel.'  (Leipzig,  ifigelmann,  4to.)  This  catalogue  of  539  stars, 
on  which  the  places  of  all  the  stars  between  —  2°  and  +  80*^  Decl. 
down  to  the  9th  mag.  inclusive  will  depend,  is  founded  on  the 
following  systems  of  standard  places  : — Pulkowa,  1845  and  1865  ; 
MS.  of  Fulkowa  Observations,  1869-74;  MS.  of  Bradley's  Stars 
from  Greenwich  Observations  1836-72,  on  the  system  of  the  First 
7-year  Catalogue ;  Greenwich  9-year  Catalogue ;  Harvard  College 
Observatory,  Vol.  x.;  Engelmann's  Declinations,  1866-70;  Leiden 
Declinations,  1864-70. 

At  the  Berlin  meeting  of  the  Astronomische  Gesellschaft  reports 
on  the  Zone-observations  were  read.  These  will,  as  usual,  be  found 
in  Part  IV.,  for  1879,  of  the  Vierteljahrsschrift,  from  which  the 
following  account  is  taken : — 


o      o 


80-75.  Kasan.  Observations  finished,  except  a  few  in  Zone 
75^-76°  yet  to  be  made;  reductions  far  progressed; 
printing  commenced. 

75-70.  Dorpat.  Only  920  observations  yet  to  be  made:  more 
than  half  the  reductions  to  1875*0  finished. 

70-65.      Christiania.    Zones  finished ;  about  90  per  cent,  reduced. 

^S^SS*  Gotha  (formerly  Helsingfors).  Zones  finished;  reduc- 
tions far  advanced. 

55'5o,  Cambridge,  U.S.  Observations  finished ;  reductions  pro- 
gressing well. 
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o       o 

50-40.  Bonn.  About  5000  single  obBoryations  remain  to  be 
made ;  reductionB  far  advanced. 

40-35.  Lund.  Observations  commenced  in  September,  1878; 
the  reductions  are  progressing  with  the  zones. 

35-30.  Leiden.  Finished;  Vol.  5  of  the  '  Annalen,'  containing 
the  second  half  of  the  cones,  is  in  tiie  press. 

30-25.  Cambridge  (England).  About  4000  single  obseryationa 
to  be  made  jet.  The  mean  places  are  calculated  up  to 
the  end  of  1874,  apparent  places  to  the  end  of  1876. 

25-20.     Berlin.    Not  yet  commenced. 

20-15.     Berlin.    Finished,  but  not  yet  reduced. 

15-10.     Leipzig.    Zones  finished ;  K.A.'s  almost  all  reduced  to 
1875*0 ;  zeros  for  declbiations  partly  computed. 

10-5.       Leipzig.    Has  been  commenced. 

5- 1 .  Albany.  Observations  were  commenced  in  August,  1878; 
The  influence  of  magnitude  on  the  transit  has  been  in- 
vestigated by  wire-screens,  as  suggested  by  Mr.  Gill. 
Correction  to  observed  transit  =  —  o*'oo9  (M— 4*0)  — 
0**00037  (^—4*0)^,  where  M  is  the  magnitude. 

+ 1  to  —  2.  NicolajefF.    Much  interrupted  by  the  Eusso-Turkish 
war. — J.  L.  E,  Dreyer. 


CoLOiJBS  OF  Stabs. — Julius  Schmidt  has,  in  continuation  of  his 
researches  on  the  colours  of  stars,  published  an  extensive  series  of 
colour-estimations,  made  chiefly  with  the  finder  of  the  Athens 
refractor,  from  1872-78.  Only  for  Arcturus  has  he  been  able, 
with  any  certainty,  to  find  a  variation  of  colour.  It  is  mostly  very 
bright  stars  he  has  observed,  and  he  investigates  the  difference  in 
the  estimation,  according  to  whether  the  finder  or  the  refractor  was 
used,  and  finds  a  greater  difference  the  nearer  the  colour  is  to 
white. — J.  L.  E,  Dreyer, 

Ok  thbColottbsof  Stabs*. — Since  1866,  Herr  Schmidt  of  Athens 
has  regularly  made  eye-observations  of  the  colours  of  stars,  estimi^ 
ting  the  amount  of  red  on  a  scale  from  o  to  10.  In  his  latest  com- 
munication he  discusses  (i)  the  change  of  colour  with  increasing 
zenith-distance  and  (2)  the  change  of  colour  of  variable  stars.  To 
determine  the  first  of  these  he  has  made  numerous  observations  of 
Venus  from  Z.D.  66''  55'  to  Z,I>.  89°  57'  and  finds  the  curve  which 
expresses  the  colour  on  his  scale  at  any  Z.D.  from  7 2°- 5  to  89^*5. 

As  regards  variable  stars,  he  finds  that  those  which  he  discusses, 
viz.  5  Cephei,  ff  Aquilie,  i  G^eminorum,  fi  Lyree,  Mira  Ceti,  r,  IT,  and  y 
Sagittarii,  are  very  slightly  redder  at  minimum  than  at  maximum ; 
but  the  change  of  colour  mdicated  is  almost  insensible  and  has  no 
practical  value.  Herr  Schmidt,  however,  does  not  include  in 
this  investigation  any  of  the  variables  of  the  type  ot  a  Orionis  or 
fl  Pegasi.  His  conclusion  is  that  there  is  no  ground  for  assuming  a 
*  Afltron.  Nachr.,  No.  2334. 
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change  of  colour  with  change  of  brightness,  and  that  to  investigate 
this  matter  properly  other  means  of  observation  are  necessary.  He 
considers  that  the  true  cc^our  of  a  star  can  only  be  deie^ined 
when  a  firm  foundation  has  been  laid  for  a  scale  of  colours,  and 
that  this  must,  in  his  opinion,  have  reference  to  the  spectrum. 

AsTBOKOiaoAL  CoKSTAKTS. — "  B^pertoiro  des  constantes.  de 
FAstronomie,  par  M.  J.  C.  Houzeau,''  occupies  271  pages  in  4to  of 
the  *  Annales  de  rObservatoire  Boyal  de  Bruxelles,'  Nouvelle  S^rie, 
t,  i.  This  is  a  most  wonderfully  useful  publication,  and  it  is  hard 
to  understand  how  astronomers  hitherto  have  manajged  to  get  on 
without  such  a  handbook ;  it  is  only  a  great  pity  that  it  has  not 
been  published  in  the  shape  of  a  handbook,  but  in  a  place  where  it 
will  not  be  easily  accessible  to  many  people.  It  gives  in  twenty 
chapters,  chronologically  arranged,  lists  of  all  the  different  values 
of  astronomical  constants,  which  have  been  published  from  the 
earliest  times  and  down  to  1877,  in  all  cases  describing  the  way  of 
finding  the  particular  value  and  adding  exact  references,  by  means 
of  which  any  one  can  find  out  for  himself  all  about  any  value.  And 
more  than  that,  the  titles  of  the  principal  books  and  memoirs 
relating  to  any  subject  within  the  range  of  the  repertory  are  also 
given,  but  comnleteness  is  not  aimed  at  in  this  respect.  As  far  as 
we  have  been  able  to  ascertain,  the  lists  of  consttmts  are  very  com- 
plete and  very  correct,  and  will  save  from  oblivion  many  a  thing 
which  has  been  often  hidden  by  its  author  in  some  obscure  comer 
of  the  literature. — J,  L.  E.  Dreyer, 

The  Cobs  Obsbrvatoet. — ^The  new  observatory  of  Queen's 
College,  Ck)rk,  though  only  furnished  with  comparatively  small 
instruments,  promises  to  become  one  of  the  most  remarkable 
astronomical  institutes  existing,  on  account  of  the  uniqueness  and 
refined  construction  of  its  instruments.  Ad  these  have  been  de- 
scribed at  some  length  in  the  Proceedings  of  the  Boyal  Dublin 
Society,  by  their  constructor,  Mr.  Howard  Grubb,  it  will  here  only 
be  necessary  to  note,  that  the  principal  instruments  are  to  be 
an  8-inch  equatoreal,  a  5-inch  transit-circle,  with  20-inch  circles 
of  glass,  and  a  4-inch  siderostat  of  novel  construction.  The 
telescope  of  this  instrument  points  towards  the  south  pole,  and 
carries  outside  the  object-glass  a  plane  silvered  mirror,  which  by 
the  rotation  of  the  tube  round  its  optical  axis  (either  by  hand 
or  clockwork)  will  keep  the  object  under  examination  in  the 
centre  of  the  field.  The  equatoreal,  for  which  Mr.  Grubb  obtained 
the  Gold  Medal  at  the  Paris  Exhibition,  is  furnished  with  all  the 
latest  improvements,  including  arrangements  for  reading  both 
circles  from  the  eye-end,  electrically-controlled  clock-movement, 
a  dunlex  micrometer,  like  the  one  recently  made  by  Mr.  Grubb 
for  the  University  Observatory,  Oxford,  Ac.  It  is  to  be  hoped 
that  with  such  an  eqiupment  the  Cork  Observatory  will  take  its 
place  among  the  active  astronomical  establishments  of  this  coantry, 
L.  E.  Dreyer,  
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Dttnbiks  Ob81SETationb. — Nearly  the  whole  of  Part  IIL  of  the 
'  Astronomical  Observations  and  Eesearches  made  at  Dunsink '  \a 
devoted  to  annual  parallax.  The  first  paper  contains  a  discussion 
of  observations  or  the  planetary  nebula  H.  TY.  37  from  August, 
187 1,  to  August,  1872,  by  Dr.  Briinnow.  The  nebula  has  in  the 
centre  a  well-defined  point  resembling  a  star  of  the  eleventh  mag- 
nitude. This  was  compared  in  declination  with  a  star  of  the  tenth 
magnitude  np,  and  the  parallax  was  found  to  be  perfectly  insensible^ 
a  result  which  agrees  well  with  that  of  a  similar  series  of  observa- 
tions by  Professor  Bredichin,  of  Moscow. 

A  new  determination  of  the  parallax  of  6t  Cygni,  by  Dr.  Ball, 
forms  the  subject  of  the  next  paper.  This  determination  differs 
from  others  of  the  same  object  in  one  particular,  viz.  that  the  pre- 
ceding star  instead  of  the  following  one  has  been  observed.  The 
resulting  parallax  is  o"'465,  in  pretty  good  accordance  with  the 
results  of  Bessel  (last  three  months  o*"54X  Struve  (o"'5i),and 
Auwers  (p"'$6).  [Dr.  Ball  has  given  the  substance  of  this  paper  in 
the  'Observatory/  No.  17,  vol.  ii.  p.  137.] 

A  third  paper,  also  by  Dr.  Ball,  describes  the  first  results  of  a 
series  of  reconnoitring  observations  in  search  of  stars  with  a  large 
annual  parallax.  These  observations  are  only  intended  to  reveal 
large  parallaxes  (o"7  or  more),  and  each  object  is  only  observed 
twice  a  year  with  six  months'  interval,  when  it  is  90^  from  the 
Sun,  and  at  the  two  extremities  of  the  major  axis  of  the  paral- 
lactic ellipse.  The  paper  contains  the  discussion  of  the  obser- 
vations of  forty-two  objects,  chiefly  red  and  variable  stars.  The 
result  is  that  in  almost  every  case  is  the  parallax  certainly  less  than 
i",  and  moat  probably  does  not  exceed  o"*5.  These  objects  will 
therefore  not  be  observed  any  further,  but  it  is  Dr.  Ball's  intention 
to  continue  this  kind  of  observations  until  about  1200  objects  have 
been  examined ;  his  working  list  contains  red  and  variable  stars, 
stars  with  a  large  proper  motion,  and  others  chosen  for  various 
reasons,  nearly  all  north  of  the  30°  parallel. — J.  L,  E.  Dreyer. 

Detebmination  of  Oebits  op  Goxsts  asj>  Plakets. — The 
second  volume  of  Oppolzer's  '  Lehrbuch  zur  Bahnbestimmung  der 
Kometen  und  Planeten '  appeared  in  October  last,  nearly  ten  years 
after  the  first  volume.  Such  a  work  was  indeed  a  desideratum. 
Though  no  student  of  astronomy  ought  to  neglect  reading  the 

*  Theoria  Motus '  and  Olber's  celebrated  '  Abhandlung,'  still  t^ere 
are  so  many  other  papers  with  which  it  is  necessary  to  become 
acquainted  before  attempting  to  compute  the  definite  orbit  of  a 

Elanet  or  a  comet,  and  so  many  little  dodges  to  learn,  that  a  book 
ke  Oppolzer's  really  supplies  a  great  want.  The  book  enters  into 
the  most  minute  details,  and  gives  examples  fully  worked  out  to 
an  extent  which''  neither  Watson's  excellent  *  Theoretical  Astro- 
nomy,' nor  the  shorter,  though  in  some  parts  more  comprehensive, 

*  Theoretische  Astronomic '  by  Eiinkerfues,  have  attained. — J.  L. 
S.  Dretfsr. 
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The  Suk-spot  Period*. — Prof.  Spoerer  has  discussed  Carrington's 
and  his  own  observatioas  of  Sun-spots  from  1854  to  1878  and  ob- 
tained curves  which  agree  remarkably  with  those  deduced  by  Prof. 
Wolf  by  a  different  mode  of  treatment  from  his  relative  numbers. 
He  has  also  combined  with  these  Wolfs  relative  numbers  for  the 
years  1752  to  1853,  and  from  these  11  periods  has  obtained  two 
formulae  to  express  the  spot-frequency  about  the  times  of  maximum 
and  minimum  respectively.  Pirst,  however,  out  of  the  22  groups 
of  observations  about  minimum  and  maximum,  he  rejects  5  near 
minimum  and  6  near  maximum  which  he  considers  abnormal,  and 
&om  the  remaining  6  groups  near  minimum  deduces  the  formula, 
n=  107  +  6'o  <*+ 0*38 1',  where  n  denotes  the  'relative  number' 
of  spots,  and  t  represents  the  number  of  years  reckoned  from  a 
minimum;  whilst  from  the  5  groups  near  maximum  he  obtains 
n=  100— 6*14  <*+o-6i  f^  t  being  in  this  case  the  number  of  years 
from  maximum.  The  mean  length  of  the  Sun-spot  period  is  found 
to  be  11*328  years,  and  the  maximum  occurs  4*72  years  after  the 
minimum.  Por  the  curve  of  spot-frequency  throughout  this  period 
we  have  the  empirical  formula: — n=55*4+45  sin(A— 75°)  — 6 

sin  (2A+28^)— 2  sin(3A— 4o°),where  A=!  — ^ — ^x  360°  reckoned 

from  minimum.  This  gives  a  flatter  curve  at  maximum  than  Wolfs 
mean  curve.  Prof.  Spoerer  gives  a  comparison  between  Wolfs 
epochs  of  maximum  and  minimum  from  observation  and  his  own 
values  calculated  with  a  mean  period  11*328  years,  from  which  it 
appears  that  the  last  maximum  in  1870*8  was  1*0  year  before  the 
mean  epoch,  and  the  recent  minimum,  in  1878*9,  0*5  of  a  year 
after  the  mean,  the  interval  from  maximum  to  minimum  being  8*1 
years,  whilst  the  mean  interval  is  6' 6  years.  According  to  Prof. 
Spoerer's  formula,  the  next  maximum  should  occur  in  1883*1. 


The  Oxpobd  XJktveesitt  Obsebvatoey. — ^Prof.  Pritchard's 
Annual  Eeport,  recently  published  in  the  *  Oxford  University 
Gazette,*  shows  no  falling  off  in  the  activity  of  this  Observatory. 
The  principal  work  of  the  year  has  been  the  completion  of  the 
investigation  of  the  Lunar  Physical  libration  from  measurements 
of  a  liurge  number  of  photographs  of  the  Moon  taken  with  the 
De  La  £ue  reflector.  The  result  of  this  laborious  discussion  is  to 
establish  the  existence  of  small  but  sensible  inequalities  in  the 
Moon's  rotation,  thereby  affording  a  general  confirmation  of  the 
investigation  of  Bouvard,  Nicollet,  and  Wichmann.  Besides  this 
research,  series  of  measures  of  the  positions  of  forty  stars  in  the 
Pleiades,  and  of  250  stars  in  the  cluster  39  Messier,  have  been 
made.  All  the  comets  visible  during  the  last  twelve  months  have 
been  observed,  as  well  as  the  outer  Satellite  of  Mars  and  the  double 
stars  i  Ursae  Majoris  and  70  Ophiuchi.  Prof.  Pritchard  has  also 
delivered  lectures  on  various  subj  ects,  and  has,  with  Mr.  Grubb's 

*   Astron.  Nachr.,  No.  2335. 
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assistance,  devised  a  cheap  chrooograpk  and  eqoatoreal,  and  a 
simple  form  of  precessional  globe. 


Thb  Paballax  of  a  aitd  Q  Csktavbi.— M.  Moesta  lias  deduced 
the  following  results  from  his  cenith-diBtaQee  obseivalaoDB  at 
Santiago  de  Ohile  in  the  years  1S60-64 : — 

a,  Gentauii  j3  CentaurL 

Parallax o"'52i  ±o"-o66  o"-i73+o"^ 

Aberratioii . . . .    C+o  703+0  '140  C+o  •114+0  *t^ 
Proper  Motion      —  o  "393+0  '040 

C  is  Strave's  constant  of  aberration,  which  thus  represents  the 
obserrations  of  /3  Centauri  within  the  limits  of  probable  error. 
The  results  for  a  Centauri,  however,  give  an  aberration  o"'^ 
sreater,  from  which  M.  Moesta  infers  tiiat  the  velocity  of  the 
ught-waves  emitted  by  this  star  in  the  years  1860-64  was  retarded. 


GoMST  1880  e  (Swift's). — The  Comet  discovered  by  Prof.  Swift 
on  Oct.  10  was  not  seen  in  Europe  till  it  was  picked  up  as  a  new 
object  by  Dr.  Lohse  at  Lord  Lindsay's  Observatory,  Dunecht,  on 
Nov.  7.  It  had,  however,  been  observed  in  America  on  Oct.  21, 
25,  and  28,  and  from  these  observations  an  orbit  was  computed 
by  Mr.  S.  C.  Chandler,  jun.,  and  published  in  a  circular  of  the 
Boston  'Science  Observer,'  which  showed  that  this  comet  was 
identical  with  Comet  iii.  1869.  This  would  make  it  a  periodical 
comet  of  1 1  years.  Dr.  K«  Zelbr  and  J.  von  Hepnerger  have  com- 
puted, from  observations  on  Oct.  25  and  28,  and  Nov.  7  and  9,  a 
set  of  elements  closely  agreeing  with  those  found  by  Mr*  Chandl^. 
The  following  comparison  shows  the  agreement  between  tiiese 
elements  and  those  computed  by  Dr.  Bruhns  for  Comet  iii.  1869: — 

Comet  iii  1869.  Oomet  18800  (Swiftfa). 

Per.  Pass 1869,  Nov.  20*85426  1880,  Nov.  8*3220, 

Berlin,  M.  T. 

Long.  Per 41°  17'  i2"-s  42°     7'     4"'4 

Lon^.  Node 292    40   28  '8  295    ^6   54  *i 

Jnchnation 6    55     o  •©  7    22      5  '3 

Log.  Per.  Dist.    . .           0*042416  0*042122 

Mean  Equinox    . .             1870*0  1880-0 

It  is  worthy  of  note  that  Dr.  Bruhns  calls  attention  to  the  indi- 
cations of  a  deviation  from  a  parabolic  orbit  shown  by  the  obser- 
vations of  Comet  iii.  1869. 

Swiff s  comet  is  now  receding  rapidly  from  the  Earth  and  the 
Sun.  It  had  been  approaching  both  the  Earth  and  the  Sun  in  the 
beginning  of  November,  and  its  theoretical  brightness  was  at  a 
maximum  on  Nov.  15,  when  it  was  nearly  three  times  as  bright  as 
at  the  date  of  discovery  (Oct.  10).  But  Prof.  Swift  considered  on 
Nov.  I  that  it  was  certainly  &inter  than  he  had  previously  seen 
it,  so  that  the  intrinsic  brightness  must  have  considerably  dimi- 
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nished.  Th^  ocnnet  hae  a  yeiT'  diffused  amd  ill-defined  disk,  several 
minutes  in  diameter,  and  was  on  Oct.  31  a  faint  object  with  a 
^-inch  telescope.  It  is  now  growing  rapidly  fainter  by  increase 
of  distance. 


Comet  iSSod  (Hajbiwio's^^.— Prof.  Winneoke  finds  that  this 
e6i!net  may  have  been  identical  with  the  comets  of  1382,  1444,  and 
1569,  as  well  as  "with  that  of  1506,  and  he  is  thus  led  to  Suggest  a 
period  of  62 1  years  as  probable.  With  this  period  an  ellipse  has 
been  calculated,  which  represents  tolerably  well  the  observations 
on  Sept,  29,  Oct.  14  and  24 ;  but  further  discussion  will  be  re- 
quired to  decide  whether  the  period  is  really  one  of  62 1  years. 
Prof.  Winnecke  calls  attention  to  the  circumstance  that  the  node 
of  this  comet  falls  very  near  that  of  Mercury  and  that  the  re- 
spective radii  vectores  are  then  nearly  equal,  as  likely  to  ^ve  rise 
to  very  large  perturbations  by  tliis  planet.  PerbApd  it  is  to 
Mercury  that  the  elliptic  path  of  this  comet  is  due. 


A  NEW  planetary  nebula  has  been  discov^^  by  Dr.  Copeland 
at  Bunecht,  using  Prof.  Pickering's  method  of  search.  Its  posi- 
tion for  1880  is  B.A.  21^2**  1 1' '8,  Dec.  47*^  22**2  N.,  or  Pes. 
Angle  240°,  Dist.  22"  from  BJ).+47°  No.  3289.  It  is  small, 
binuclear,  and  gaseous. 

The  minor  planet  picked  up  by  Prof.  Pfeters  on  Oct.  10  is 
identical  with  that  discovered  by  Herr  Palisa  on  Sept.  30. 

Editob. 


Minima  cf  CeraskTa  new  Variahle  in  Oq>7ieuif, 
By  Dr.  Julius  ScHHiDt. 

1880.      a  B£  T. 

Dec.  2  8*^  54""-7     Dec  12  S^  i3"-8    Dec  22  f  32"-8 
7  8   34  -2  17  7   53  -3  27  7    12-3^ 

The  period  is  2**  11*  49"756=2*'492886,  and  the  range  bi  mag- 
nituae  from  about  7*5  to  9'o« 

The  place  of  the  variable  is  EA.  o**  51"  48*,  Dec  81°  i4'-i  N. 

*  Circular  No.  2  of  the  Straasburg  Obeervatory. 
t  Astron.  Naohr.  No.  2346. 
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Aitronomieal  Memoranda,  1880^  December. 


Stm,  Dec.  i,  sets  3* 
rises  20**  o";  Dec.  21, 
$^  58",  rises  20**  9" 


52",  rises  19**  48";  Dec.  11,  sets  3*  49", 
Bets  3**  51%  rises  20**  6";  Dec.  31,  seta 


Equation  of  Time : — Sun  hrfore  Godc,  Dec.  i,  lo"  35* ;  Dec  11, 
6"  If;  Dec.  21,  i"  25';  afiir,  Dec  31,  3"  31*. 

Sidereal  Time  at  Mean  Noon: — Dec  i,  16^  42*'9;  Dec  11, 
17^  22"'3 ;  Dec.  21, 18^  i"-7 ;  Dec  31,  i8*»  4i"*2. 


Moon.       $et$.     \ 

$et8. 

rises. 

h 

m 

h      m 

h       m 

Dec     I.. 

Dec 

.  II. 

.15     44 

Dec. 

21..   9       9 

2..  4 

6 

12. 

.16     53 

22. .10     17 

3  •   S 

18 

13- 

•17     59 

23. .Ti     28 

4..  6 

39 

14. 

.19       0 

24.."     39 

5..  8 

4 

15. 

.    rises. 

25. 13     55 

6..  9 

28 

16. 

.   3     47 

26. .15     14 

7. .10 

49 

17. 

.   4     45 

27. .16    35 

8. .12 

7 

18. 

.   5     48 

28. .17     52 

9-13 

20 

19. 

.  6     54 

29. .19      0 

10. .14 

33 

20. 

.  8       I 

30.. 19    55 

New  Moon,  Dec  ij 

14"^ 

56"; 

First  Qu 

arter, 

Dec.  8,  6»»38-; 

iill  Moon.  Dec. 

16,3 

^36" 

;Las 

t  Quarter, 

Dec 

24,  ^^  57" ;  New 

Moon,  Dec.  31,  i^  56". 

Mercury  is  a  morning  star,  at  greatest  elongation  (21°  5'  W.) 
on  Dec  11,  when  he  rises  in  the  E.SJB.  at  17*"  55",  more  than  2**, 
before  the  Sun,  and  is  veiy  fayourably  situated  for  observation.  He 
may  then  be  picked  up  near  fi  Scorpii,  being  about  2^  n  jp  this 
star  on  Dec.  11,  19^  and  about  1°  nf  on  Dec  13,  19**. 

Venus  is  an  evening  star.  Diameter: — Dec  i,  i3"'2,  Dec.  31, 
i5"'5.    Illuminated  portion  of  Disk  0773  ^^  I^-  ^5* 

Dec.  I,  EJL  ig^    6»-6,  Dec  24*^  32'  S.,  tr.  2*'  24",  sets  6>»  9" 
31,  21   37  -4  16      5  S.,      2   56  7  36 

Jupiter  is  stationary  in  Pisces.  Diameter: — ^Dec  i,  42"' »  * 
Dec.  31,  38"-i. 

Dec  I,  BA.  o^  37~-6,  Dec  2°  28'  N.,  tr.  7^  53",  sets  14^  9" 
31,  o  42  'o  3     6  N.,      60  12  19 

Daily  rate  of  rotation  87o*''5=2'  i5o'''5;  Hourly  rate  36°*28  j 
Period  9*^925=o**4i35- 

Saturn  is  stationary  in  Pisces,  about  12**  E.  by  N.  of  Jupiter. 

Dec.  I,  E.A.  i^  27»-6,  Dec  6""  18'  N.,  tr.  S^  43"»  »ete  15^  i8» 

31,  I    25  -8  6   16  N.,       6    44  13   18 

Outer  Bmg.  Inner  Eing.  Ball. 

Mig.  Axis.  Min.  Axis.     Mig.  Axis.    Biin.  Axis.      Diam. 

Nov.  30    ....     43"'64        9"'9i         29"-o2         6"'S9         ^f''4 
Dec  20    42-28        9-51         28-12         6-33         16 -6 
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The  south  side  o£  the  rings  is  visible,  the  elevati6n  of  the  Earth 
above  their  plane  being  13^  8'  S.  on  Nov.  30,  and  13°  o'  S.  on 
Dec.  20,  and  of  the  Sun  15°  i'  S.  and  15°  17'  S. 

Neptune  may  be  found  about  1^°  sjp  a  Arietis. 

Deo.  I,  E.A.  2^  4i"-2,  Dec.  13**  46'  N.,  tr.  ^  57" 
31.  2   39  •!  13    37  N.,       7    57 
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Red  S^ot  on  Jupiter. 


[No.  U. 


A  partial  eclipse  ot  the  Son,  visible  in  the  Bbritish  Islee  and 
Western  Europe,  occurs  on  Deo.  31.  At  Greenwich  the  Eclipse 
begins  at  i"  39°**7,  and  ends  at  3^  28"^-2  G-JkLT.  Magnitude  of  the 
Edipse  (Sun's  diameter  =1)  0*^88. 

There  is  also  a  partial  eclipse  of  the  Sun  on  Dec.  i,  invisible  at 
Greenwich. 

A  total  eclipse  of  the  Moon  occurs  on  Dec.  16.  Magnitude  of 
the  Eclipse  1*390.    The  Moon  rises  at  Greenwich  at  3**  46": 
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Publications  received: — Annals  of  Harvard  College  Observatory ^ 
Vol.  xii. ;  Catalogue  0/618  stars  observed  with  /A«  Meridian  Circle 
at  Harvard  College  06s«rwi«ary  (Cambridge,  Mass.,  1880)-— O.Struve, 
J^tudes  sur  le  JMouvement  Belatif  des  deux  EUnles  du  Systeme  de 
61  Cygni  (St.  Petetsbourg,  1880) — Th.  Brediohin,  Annates  de  VOb- 
servcUoire  de  Mosc^ou,  Vol.  vii.  Part  i  (Moscow,  1880) — N.  von 
Konkoly,  Beobachtwigen  am  AstrophgsicaUschen  Observatorium  in 
O-Qyalla,  Vd.  ii.  (Hfdle,  1881) — Annuaire  de  rObservatoire  Royal 
de  BruxeUes,  1881  (F.  Hayez,  Bruxelles,  i88o>— C.  A.  Young, 
I^£6tro9copic  Notes,  1879-80  (Amer.  Joum.  1880,  Nov.) — Memarie 
degli  Spettroscopisti  Jtaliam  to  1880,  July — Science  Observer  to  No.  28 
(Boston  Scientific  Society) — American.  Journal  of  Science  to  1880, 
Nov,  (J.  D  &  E.  8.  Dana,  Newhaven,  Conn.) — Popular  Science 
Monthly  to  1880,  Nov.  (D.  Appleton,  New  York)— 2%«  Analyst  to 
1880,  Nov.  (Des  Moines,  lowAy—Ciel  et  Terre  to  1880,  Nov.  15  (F. 
Hayez,  Bruxelles) — Sirius  to  1880,  Nov.  (K.  Scholtze,  Leipzig). 
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